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Preface 



This is a training program designed to educate students and individuals 
in the infiortanoe of ccnserving energy and to provide far develcfdng skills 
needed in the application of energy-saving tedmiques tliat result in enercry 
efficient buildings^ 

suooessful ocmpletion of this cxurse of instsruction, a studmt vdll 
be able to perform at the job entry levels 

Alternatives are provided in this ptogran to alixM for specific 
instruction in energy-saving itetbods and pmoedures, or for integration 
vddi constriction oourses^ It may also be used for self'^^aoed instrugticj rj . 

ttien used in the classroanf the unit can be integrated with the build ii" 
construction curriculum or it can be tau^ sqparately^ 

A teacher guide and student mrkbook are available to si9f>lanent the 
basic manuals^ itie resouroe person should consult the tead^ guide anc? 
follow procedures given therein* 

*Ehe material is provided in three parts: 

PART ONE: UNDGRSISUOING AND PRACTICING 0{ER6ir CONSERVATION IN 
BUnDINQS. 

PART WO: DE1X3MININ6 AMDUNT OiF ENERS^ LOST OR GAINED IN A 
BUIIDBIG. 

PART IHREEt DEiEIWXNING ffUCH PRACTICES ARE MOST EFFXCWtn PUD 
JNSmimS MATERIAIS. 

Ebr Part ^^90f it is reoonnended that the stud^ts have access to the 
cooling and heating load calculation manual ((^ 158) ASHRAE, 1979. It 
is avaiL-iMe fron AJRITtAT, 345 East 47th Street, Nfew York, NY 10017. 
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Part 2 



Determining Amount of 
Energy Lost or Gained in a Building 



In V&rt One, the discussion was of a 
general nature and general exarples wexe 
given. But if you are to provide for 
energy efficiency in a specific building 
you mist be able to find the predicted 
heat loss or gain and to evaluate the 
oost benefits. Htds service is provided 
by the Ehergy Gxtension Service for the 
general public. But as an energy tedi- 
nician you should be able to calculate 
these values. 

In order to do this, you must be 
familiar with terms used in measuring 
fflergy in buildings and have access to 
data tliat give heat flow throo^ various 
building naterials. 

Heat energy will always flow f rent an 
area of hi^ taiperature to an area of 
low toiperatuice. Ihus, depending vpcn 
the outdoor tarperature, heat will flow 
into or out of a building seeking 
equilihriun. 

The primary places for heat flow into 
and out of buildings are as follows: 

- Ocnducticn throu^ the walls , 
oeillnqs and floors. 

- Oonductlon through the doors and 
windows. 



- Bif iltraticn of outside air into 
the living area throu^ cracks in 
window fraroes , walls and door £c 
and other opaxtnqs. 

- Ihtroductlcn of outside air through 
the ventilation systan. 

- Radiation of solar energy throu^ 
glass areas. 

^ RirtlatlcnTibat loads on exterior 
walls and roof areas . 

- Heat generated by occupants, lights 
and mechanical appHmoes. 

Heat can flow into or out of a heme 
in any or all of these modes at the sane 
tine. 

Ihe objectives of this section are 
as folloHs: 

- lb identify and define the primary 
i^des of heat flow into and out at 



building * 

- Tto idenuty and define the factors 
which influeroe the heatt flow into 



and out of a 



ng. 



- to evaluate the queytity of heat 
flow throng typical stnartaral 
ocmopentsj sum as floocSf windows, 
walls, ceilings, and doors, by each 
of the heat flow nodes. 

- Tb estimate the <siantHy of heat 
lost or gained by a typical building. 

- Tb evaluate the oost ben^its of 
energy^saving practices. ^ 
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Procedures are given urrfer tlie following 
headings: 

A. I^enns V&ed to Measure Qr^ergy in 
Buildings. 

B. Ukiderstanding Heat Losses and 
Gains in Buildings. 

C. Estimating Heating Loads in 
Buildings. 



0. SpeciBl plications for Estimating 
Cooling IcacSs in Buildijigs. 

E. Estimating Cooling Ijoads in 
Buildings. 

F. Determining Cost Benefits of Using 
Bnergy-Satving Eractioes. 



A. Terms Used to Measure Energy in Buildings 



There are several terms used in 
measuring energy in buildings. Most of 
them are fewiiliar. Fran your studly of 
this section, you will be Bible to list 
yd these terms . Ihey are 

described as follcws: 

1. TSemB for Measuring Heat Flow. 

2. ^Senas for Measuring Heat 
Oonductivity. 

3. Other Inarms. 

1. TERMS POR tCflSURIHG HEAT HCW 

'Seace for measuring and calculating 
heat flow are as follows: 



a. 
b. 
c. 
d, 
e. 



Xftiit of Heat (Btu) . 
Rate of Heat Flow (Bt^/hr) or 
Heat Flow by Conduction (q^) . 
Heat flow by infiltration (q^) 
Heat Flow by Radiation (q^) . 



a. mit of Heat (3tu) 

Bie British lliennal Unit (Btu) is the 
unseen q uantity of heat that seeks an 
equilihnun of bffperature between two 
taiperature differences. By^ definition, 
it is the aniount of ^t energy required 
to raise the tenperature of one pound of 
wafaa: one degree F (Figure iTi The Btu 
is the term for measuring heat. 




FIGURE 1. A Btu is the amount of heat 
energy required to raise the temperature 
of one pound of water one degree 

For exaitple, note the following 
equivalents: 

1 Btu = 1 wood natch 

3,413 Btu = 1 kilowatt irair 

1,000 Btu = 1 cu. ft. natural gas 

140,000 Btu - 1 gal. fuel oil 

13,000 Btu - 1 lb. coal 

b. Rate of Heat Flow (Btu/hr) or (q) 

Heat flow (g) is the movement of 
thermal energy from a point of high 
terperature to a point of lower tenpera- 
ture. It is measured in Btn/hour. 
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c. Heat Flow by Oonduction (qc) . 

OGnduction (q^) is the fliM of heat 
energy throuc^ solid materials by ireans 
of inolecular vibration. It is measured 
in Btp/hr. 

d. Heat Flow by Iiifiltration (gp . 

Infiltration heat loss (q^) is the 
heat lost by a building throu^ 
infiltration air exchange. This is 
xisually through cracks and cii^fvioes and 
opening of doors and windows. This is 
measured in BtuvTir. 

e. Heat Flow by Radiation (gf^y) . 

Radiation is usually the effect of 
sunli;^ on a building. It is the flow 
of heat energy from a vjarm body to a 
oooler body by means of electromagnetic 
energy. 

Solar radiation is neasured in 
langlsys or Btu. One langley is equal 
to 3.687 Btu per square foot per day. 

Solar radiation varies with latitude, 
seasons and weather. For exan^le, a 
cloud cover will reduce the amount of 
solar radiation. 



2. TERMS FOR MEASURING HEftT aaro^PIVITy 

Hgw much heat a material will allow 
to transfer is measured in several terms: 

a. Thamal Ctoraluctivity (k-Value). 

b. Thermal Ctonductanoe (C'-Value). 

c. Coefficient of Heat Transfer 
tU-Value) . 

d. Thermal Resistance (R-Value) . 

a. Tniermal Ocaiductivity (k-Value) 

Thermal conductivity is a scientific 
measurement of the rate of heat flow 
through a given substance. It is deter- 
mined in a laboratory. It is the amount 
of heat in Btu/hr that will flow through 
a substance that is 1 foot square ^ 1 inch 
thick v*ien there is a temperature differ^ 
eno& of 1* between sides (Figure 2). 



The thermal conductance (C) varies 
with thickness of the material. 

The lower the k-Value, the higher the 
insulation value. This value is not used 
for building materials because it is 
limited to 1" thickness and will vary at 
different tenperatures. 




THERMAL CONDUCTIVITY 
(k -VALUE) 



FIGURE 2. The thermal conductivity of 
a substance is the amount of heat that 
will transfer through 1 square foot, 1 
inch thick when there is a temperature 
difference of l^F. 

b. Hiennal Oonductance (C-Value) 

The thermal oonductance of a material 
is similar to k-Value, but it may be based 
on a specified thickness rather than 
1 inch {Figure 3) . !Iherefare, C-Value is 
the amount of beat in Btp/hr that will 
f lo^ thrcuc^ a material that is 1 foot 
square, and any specified thickness for 
each degree F differaice in ten()erature. 
Neither is it necessary for the material 
to be hcmogeneous or solid. 

The Icwer the OValue, the better the 
Insulation. 



THICKNESS SPECIFIED 




THERMAL CONDUCTANCE 
(C-VALUE) 



FIGURE 3. Thermal conductance^ 



c. Ooefficient o£ Ifcat Transfer (U-Value) 

The overall ooefficient of heat trans- 
fer is more meaniiigful than C^alue ^^hen 
deterndning the insulating value of a 
building section. It includes all the 
materials and air space in a ooribined wall 
section. Uierefore, 0-Values are usetl to 
detennijie heat losses and gains in 
buildings. 

The 0-Valtie is defined as the ancunt 
of heat in Btu/hr that will transfer 
through 1 square foot of wall section in 
1 hour for each degree F dif fermoe 
betreen sides (Figure 4) . 

As with C-Value, the lowe r the 0-Value 
the better the insulation quality. 

d. Thermal Ftesistance (Revalue) 

The thermal resistance (R-Value) of 
a material is the term most ccfrmonly 
used for measuring insulation values. 
One reason, it is easier to understand 
because as the R-Value increases the 
value of the insulation increases. The 
unit for R-Value is hours x unit area x 
difference in degrees per Btu, t x ft^ 
X hr/Btu. 

U 




COEFFICIENT OF HEAT TRANSFER 
(U-VALUE) 



FIGURE U-Value of a wall section. 



R^\^ue is a measure of the 
resistance to heat f low^ not rate of 
heat flow (Figure 5) . to find R-Value 
fron the OValue and Upvalue, 

1 1 

R - C and R = U 

lb find the R-Value fron the k-Value, 

thickness of homogenous material 
" conductivity of mateirial 

R-Values are also used to calculate 
heat transfer in buildings. Most insu- 
lating materials are rated in Revalues. 



3. OnHER TERMS 

Other terms yoa will be using are 
defined as folkws: 

a. Infiltration 

Infiltration is the mDvement of out- 
side air into or out of a building through 
unplanned openings in ocxnpcHients such as 
cracks around windows. 



THICKNESS 
IN INCHES 




I 
I 



THERMAL RESISTANCE 
(R-VALUE) 



FIGURE 5, The higher the R-Value> the 
better the insulation, 

b. Ventilation 

Ventilation is tie introduction of 
outside air through the heating or oool^ 
ing system or by means of ventilation 
fars. 

c. Fenestcation 

Fenestration is the glass or otiier 
transpar^tt area of the building through 
whicSi solar radiation can be tranartltted. 

d. Kilowatt Hcxir 

Kilowatt hour is a measurem^ of 
electric energy. 

1 kilowatt hour = 3^413 Btu 

e. tnside Design Tatperature 

Inside design toiperature is the dry- 
bulb tsifserature that is most oomfortable. 
nhile the nost ocmfbrtable tenperature 
will vary witii humidity^ the follrswlng 
tenperatures are required by ASHRftE 
standard 90-75; 

Winter inside design tarperature - 
72 

is 



- Surrmer inside design teitperature - 
78*F 

Note: Hiese teii^eratures all may 
be changed in order to conserve 
more energy. Par exanple^ 

* winter - 68*F. 
- simer - 80*F. 



f . Outside Design Jears^ierature 

Outside design toiperature is based 
on average extrene tenperatures in a 
certain locali^ during a "specified** 
season, these have be^ ccnputed by 
ASHRAE. Ihey are listed for different 
cities in OooLing and Heating Load 
Calculation tfenual^ ASRRAE^ 1979. :i^Ie 
II gives oooarpts from the table. 

Outside design taiperatures are 
given for both \dnt^ and smmar 
conditions. 

g. Heating Degree Day 

A heating degree-day is a term used 
to describe cold climatic oonditions in 
a certain area for oonputing heating 
loads. A heating degree-day is the 
average nimber of degrees outside tarper- 
ature is below 65* for a day. Hbe annual 
degree days are a total of all the degree^ 
da^^ for a ^'ear. 

For exanple, the temperature is 
ta>xn every hour for 24 hours and the 
average is recorded at 60'F. The heat- 
ing degreetJay is 65'*F - eO'^F = 5*F. 
^Jbst of the heating degree days will 
occur during Deoanber^ January and 
February. 

h. Pooling Degree Day 

A cooling degree day is a term used 
to describe vaxm climatic conditions In 
a certain area for confuting oooling 
loads. A oooling degree day is the 
average nunt>er of degrees outside dry- 
bulb t€nperature above 75% (70*F In 
Ifew York and eO'^F In Florida) . Multiply 
the degrees below 75*'F times nunnbte of 
days to get oooling degree days. 

15 



i* Dlsccmfort IndeK 



Relative HutddHy 



When figurii^ air conditioning, 
a disamfort indax is used instead of 
dry^4>ulb caiperature^ Usii^ the discom- 
foirt index, a oooling degree-day is the 
average disocsnfort index above 60 for a 
givm day« 

Disocmfort index is ocnfuted f xotn 
both the dry^l::uU;> and wt-bulb tatpera* 
ture ^Figure 6)« 



WET BULB 




DRY BULB 



FIGURE 6, Sling psychrometer for 
measuring wet and dry bulb temperature. 



'Ete relative humidity inf:i,uenoes 
oom C og t or disoomCort^ It is the 
approodmate anount ^ moisture in the 
air as ccnpared to the maidinin aonxDit 
that could be there at a specific 
taiperature^ Relative hmdjdity is 
determined by t^ddng the readings on a 
slliig psydiraneber and referring to a 
chart designed for the Instrwent^ 

Canfca± zone 

The oomfcrt zone for a person is 
between 72**P and 80*P with a relative 
hurddity of bebueen 20% and 60%« 



The body is note tolerant of hi^ier 
tenperatures at la«r itoisture levels 
(Figure 7)* 




w w w «• 

DRY BULB TEMP, *F 



FIGURE 7, Ccmfort zone. 
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B. Understanding Heat Lo$$e$ and Gains in Buildings 





Heat transfer through building seo 
tlons is oorputed by the use of fontulas. 
Onoe you understand the fomilas. It is 
a siiiple natter to substitute the values 
and arriw at heat losses or gains. 

Fran ycwr stiJKfy of this section you 
will be able to expJUdn whldi f onnilas 
ar e used far detainining heat transfer 
iiii buildings and the terne used . 

UttSY are discussed under the 
fc^Uowing headings: 

1. C3onducticn Ifeat Flotf Through 
Honogmeous tiaterials. 

2. OcvvStucticn Heat Flotf Itirough 
Ocnposite Wisdls. 

3. Infiltration Heat Losses or 
Gains. 

4. VentilatiGn Heat Losses or Gains. 

5. Radiatigg Heat Losses or Gains. 

6. Qiergy Losses and Gains fron 
Bjuipnoent Operatim. 



1. aaBXJCTICK HEKT FUCW THROQgl 
HCMPgMBOUS MMERiaiS 

The fundamental relationship defining 
oonducticn heat f lotf through a honogeneous 
solid is the Fourier equation: 

CSonductivi^ of material Qc) 
Heat Transfer = x sigfaoe area (s g. in.) 

Thidaiess in 



Heat f lotf by oonducticn (BtM/hour) . 
a^iermal conductivity of the material^ 
Btu/hr X ft^ X *P X In. 
L ^ Uiidcness of the solid in the direc- 
tion of heat flotf in inches. 
(t2 - ti ) = iT = Tfenperatuce difference 
between the two surfeu^es of tiie 
solid t^'F). 
A = Area of the solid perpendicular to 
the direction of heat flotf. 



Hie terms in equation 
trated in Figure 8. 



1 are illus- 



It is inportant that equation 1 and 
its inplications be understood. Notice 
that the heat transfer by conduction 
throu^ the material vdll be snail if: 

* A material witii a small oonductiyity 
(k) is used. 

- The material thidkn^s (L) is large . 

- The tatp^ature difference (t^ * t^ ) 
bebrfeen the two surfaces is 

anall . 

The area (A) of the wall is hspt 
small. 



(BbVhr) 



or 

Where 



Tenperature Differaice 
between the sides of the 
solids (tj - tj) in 'F 



HOMOGENEOUS 
MATERIAL 




A=hb 

HEAT FLOW BY CONOUCTIVfTY 




FIGURE 8. Conduction heat 
definition sketch. 



flow 
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Oonducticn hrat losses in a building 
can be ndnimized by decreasing the 
building size, by selecting thidc mate- 
rials with lew tnernal 0Dyriuctivities7 
and 6y reducing the tenperature dif fer^ce 
betwem inside and outsicte air^ 

Uie thermal oonductivity Oc) of a 
material is a physical prop^ri^ which 
is obtained eKperimentally in the 
laboratory^ ttote that the oonductivity 
is based on a material thickness of 
unity, at 1 incii* The conductivities 
of selected building materials are giv^Bti 
in Table 111* 

Often, the thermal oonductivity (C) 
of a material is given for a s^iecified 
tJiictaiess rather than for a unit 
thickness ^ Typical cases are '8^-inch 
concrete masonry blocks, or dressed 
tiitber boards* Vtxen the thermal oonduc- 
tivity is given for a specified thickness, 
it is called the thermal oonductanoe (C) * 
T^Tpioal values of thermal CDnductanoe are 
also given in Table IV* 

l*en thermal oonductanoes of mate- 
rials are used, the conduction heat 
transfer equation must be modified 
since the material thickness is already 
incorporated into the oonductanois value* 
Thus 

l^iermal 

Beat Transfer = Conductance x Area x 
(Btu/hr) (C) (A) 

Temperature 
Difference 

= CA (t2 - tj^) * * * * (Equation 2) 

viiere C =^ thermal omductanoe, Btu/hr x 
ft^ X At*F* 

Another cdimon way to describe a 
material's ability to conduct heat is 
its thermal resistivity (r) and thermal 
resistance (R)* Ths ^risistivity is the 
reciprDcaT of the ocndtjctivity , wiiereas, 
the resistance is the reciprocal of the 
oonductanoe* That is, the resistivity 
is the material's resistance to heat 
flow per unit thidmess and the resistance 



is the material*s resistance to heat 
flow for a specified thickness* IVpical 
resistances are given for some insula- 
tiai materials in Tathle I* 



Thermal 1 

Resistivity = 

(r) Oonductivity Oc) 




R =^ 



Conductance (C) 



Thictoess of material 
Oo«w3uctivity (K) 



r ^ lA and R =^ 1 = h/^ * * (Equation 3) 

Hie OHiduction heat flew equaticn 
for a single material can now be 
expressed in terms of thermal resistiv- 
ity and resistance by* 

Conduction Heat Flow ^ 1 

Resistance (r!) ^ 



(Btu-^hr) (C3^) 



Area (A) (f t^) 
niidoiess (L) (in) ^ 

Tenperature Difference 



(tj - t^) 



(Equation 4) 



a = 1 A , 

^ r L (*^2 " *^1*' * ' 
^ " ^ A (tj - t^) (Equation 5) 

EXMPIC yp* 1 

To illustrate' the use of the conduc- 
tion eguadon, st^pc^ a^ 4' x 8* sheet 
of 1/2-inch thick plywood has surface 
tenperatures of 100**F and 70**?* Evaluate 
the heat conducted through the panel* 

Tlie th^mal properties of the ply- 
wood arel k - 0*8(} 
C = 1*60 
r = 1*25 
R= 0*625 
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Tlte heat cjondicted in Btu/hour may 
be calculated by either equaticxi (l) , 
(2), {4) or (5): 

„ _ ftA /.^-i - 0.8(4x8) (100-70) _ Btu 
- r 03 /hr 

= (it) = 1.6(4x8) (100-70) = 1536 Btu 

tL m -^(100-70) * 1536 /^r 

qp= I (at) (100-70) = 1536 ^ 



0.625 



/hr 



2. OONDUCPICN mm FLOW TffiOUOI OOWKDSriE 



If structural oocrponents were mac3e 
of single hotogeneous materials, equa- 
tions (1) , (2) , and (4) would be adequate 
to estimate oanducrtdcxi heat flow* Most 
\rall partitions, however, are oooposite 
walls* lliat is, th^ are oonstrxJM^ted of 
tWD or more materials as shown in Figure 
9* 



COMPOSITE WALL 



BTU/HR, 




The procedures for estimating heat 
flew through a oonposite wall follow; 

The total thermal resistanoe {Ry) 
of the ooKiic^ite \iall is the sun of the 
resistanoe of each oonponent of the wall^ 
In equation f om 



(Equation 6) 



&f placing tlie total thernal resis- 
tance into the oonduction equation, the 
oonduction heat transfer through a 
OGnposite vrall is 



(Equation 7) 



Another way to write equation 7 is 
to let U =^ 1/R; then 

= UA (dt) (Equation 8) 

where U = overall heat trananission 
coefficient, Btu/hr x ft^ x *T. 

ien determining the overall thermal 
resistance of a wall, it is only neces- 
sary to add up the resistances of each 
oonponent in the wall. Fbrtunately, the 
total thermal resistanoe and overall 
thermal trananission coefficients are 
tabulated for many partition oonstruc- 
tions** 



*Fran Table V* 



HEAT FLOW BY CONDUCTION 



FIGURE 9, Definition sketch for a 
composite wall. 



*Ehe folXcAriJtg exan^^le will 
illustrate how to evaluate overall 
trans£er coefficients and heat 
through OGnposite ^^Is. 

EXAMPLE NO. 2 

Evaluate the conduction heat 
transferred throu^ a 8* x 10* wall 
secticMi ooinposed of 3/4-inch wood 
siding, 3 l/2^inches fiberglass 
insulation and 1/2- inch gypsun 
tx>ard (Figure 10). 

Outside bewperature (t ) 10*F. 
Inside tenperature (t^j 68**F. 

R-Values * 



Outside filin 


0.17 


WDod siding 


0.81 


Sheathing 


1.32 


Insulation 


11. 


Qypsin board 


0.45 


Inside filin 


.68 


^ = 


14.43 



*Frcri Table V. 

NDIE: There is a snail amount 
of resistance due to the air 
film on both the cxttside and 
inside surface of materials. 



qc = UA tot) 

Rr = Ro + Rsh + BwDOd + Rinsul + 
+ Ri = 0.17 + 1.32 + 
0.81 + 11.0 + 0.45 _ 0.68 = 
14.43 

Thus U = 1/Rt = 1.14.43 - 0.069 
and qc = 0.069 (8k10) (68-10) = 
321 Btu/hr. 



in. WOOD SIDMG 




3Wtn. FIBERGLASS 
INSULATION 



, — Viin. GYPSUM 
BOARD 



ASPHALT 
IMPREGNATED 
SHEATHING 



MS IDE AIR FILM 

-^t, =68*F 
— 12 =10'F 



FIGURE 10. Sketch of wall section for 
conduction heat flow through a 
composite wall. 

Using T^le V, the overall heat 
transfer ooefficient is iH).081. Ihe 
discxepancy between U calculated 
(.069) and U tabulated (0.081) is 
that the tabulated valiies acxxunt for 
the difference in thermal resistance 
at the studs and between the studs. 
The tabulated u-\&l\ie is tl'e ueic^ted 
average of the O-Values at and 
beb^een the studs. 

lb illustrate the vahxi of 
insulaticn, consider the same 
ocnfxxsite wall, but remove the 
3 1/2 inches of insulation. Vaot 
the insulation is replaced by a 
vertical air space uhich has a 
resistance of 1.01 and 

% " + ^ih + Wi + I^ir + 

= 0.17 + 1.32 + 0.81 + 1.01 + 
0.45 + 0.68 = 4.44 

and U = 1/R = 1/4.44 = 0.23 

and q- = UA ^t) = 0.23 (8x10) 
(68-10) = 1044 Btu/hr 
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Note that by renaming the 
insulation^ the heat flotf by 
oonductiGH throuq^i the wall 
increased from 321 to 1044 6tu/hr. 
'Stie heat loss irkcreased by a 
factor of 2,25. 

EiaMPIE NO. 3 

It) illustrate the infltience of 
indoor tenperature vpon heat loss 
froQ a building, oonsider again the 
insulated wall section with U - 
0.069. Otmpare the heat flow 
tiuou^ the wall for an outdoor 
tatf^erature of lOf^F and inside 
taiperatures of both 60**F and 72'*F. 

At 60**F, gc = UR (it) = 0.069 (80) 
(60-10) = 276 Btu/hr, 

KT 72^F, qc = UR to.t) = 0.069 (80) 
(72-10) = 342 BtiVhr. 

By ixK:reasing the indoor 
tatperature fron 60** to 72**F, At 
increased and thus increased the 
heat loss through the wall by 66 
miu^^hr, or by 24%. 



3. INFILTRflnOM BERT LOSSES OR 
GMNS 

Outside air enters a residence 
tiirough many iir^lanned cracks in 
walls, doors and windows* This air 
novemmt is called infiltration. 
Since infiltration air is seldom at 
the tatperature of the air inside 
the living area. It must be wanned 
or cooled, oiiis fact, of course, 
represents a heat loss by the house 
during cold weather and a heat gain 
by the !x)use during \^rm weather. 

In estimating infiltration heat 
flow, it is necessary to estinete 
first the VDlune, or cubic fe gtf of 
air which flows into the buil(£ng. 
Tte quantity of air flow is dependait 
vpon many factors, including the 
nuDber and sizes of cracks in the 
structural cot()onents and the out-* 
side wind speed. 



There are two basic methods for 
evaluating the infiltration air 
TOlune. One method requires that 
the crack widths and lengths and 
the wind speeds be estimated where- 
vpon air flow can be evaluated. 
Another method is the air exchange 
method. In this method, tabulated 
values of the ntmber of air changes 
occurring per hour are used for 
typical residential tocms. *IVpical 
air exdiange values are given in 
Table VI. Note tliat an air exchange 
rate of 1.0 per hour indicates that 
the air flow into the room per hour 
equals the wlune (length x width x 
hel^t) of the room. 







? ® 


® 
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r« 15*t. ^j-i 25ft. 1.| 



FIGURE 11. Plan view for infiltration 
volume illustration- 

In residential construction the 
air exdiange metiiod Is sufficiently 
accurate fbr infiltration VDlurie 
calculations and is jxvch sinpler 
than the crack length and width 
method. Thus, the air exchange 
method will be used exclusively in 
this text. 

EXAMPLE to. 4 

It) illustrate the air exchange 
method^ estimate the infiltration 
air TOltme for the sinple house 
plan show in figure 11, If the 
ceiling height is 8 feet and if the 
windows are not weatherstripped or 
stom aashed. 



Die infiltration air VDlune for 
e^dti torn is estimated by tiie 
fbnnula: 

Infiltration voluae - 0^ ^ 
exchanges x room VDlime 

Por zoom (1): ^ 1.5 (15x15x8) 

« 2700 cu. ft/nr 
Por xaata (2): 1.0 (15x20x8) 

« 240Q cu ft/liT 
Por room (3); - 2.0 (20x25x8) 

= 8000 cu ft/ht 
For uhole 

house: = 2700 + 2400 + 

8000 ^ 13,100 cu ft/hr 

Once the estimate of tlie volume 
of infiltration air is obtained, 
the wergy required to heat or ax)l 
the air to the temperature of the 
living area can be calculated by 
the fomila: 

q. * (0.018) (t^ • • 

(Equation 10) 

Infiltration iieat losses can 
now be illustrated by considering 
the house in Figure 11 and equation 
10. Itie infiltration heat loss will 
bb calculated when the outside 
toTfierature is lO^F and the living 
area tatperature is 65'^F. 

q. = (0.018) (t^ - t.) 

= 0.018 (13,100X65-10) 

= 12,970 BtM/hr 

Notice that by weatherstripping 
the windows or adding storm windows, 
the infiltration heat loss could be 
reduced by 1/3, or 

q^ = 2/3 (12,970) - 8,650 BtM/hr 



4. varnLKfKXi Mat logses or 

GMNS 

Itie heat losses and gains due 
to ventilatic»i air are evaluated in 
the same nanner as infiltration heat 
losses and gains except the volime 
of air, entering the building is 
different, lhat is 

q^^ 0.018 (Qy) (at) . . . 

(Equation 11) 

where q^ ventilation heat loss 
or gain, Btu/hr 
0 = ventilation air voltnie, 
^ cu f t/hr 

Hie ventilation air wlone for 
resid^ices is usually very anall as 
cofifsared to infiltration air voluore. 

Table VII gives typical venti- 
lation air volumes. 

In most single family residences 
the air exdiange obtained ty infil- 
tration satisfies the ventilation 
requirements. If this is the case, 
the ventilation heat loss or gain is 
taken care of in the infiltration 
heat loss calculation. If supple- 
moital ve3r\tilation is provided, 
sinply determine the volnne of air 
introduced by the ventilating fans, 
, and substitute into Equation 



5. RRDiariON HEftT LOSSES OR GMNS 

t^diation heat flow is far more 
iitportant in cooling applications 
during \^nn weather than in ti&ating 
applications during cold weather. 
Thus, our primary concern will be to 
estimate solar radiation heat gains 
during warm weather. 
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Solar radiation heat gains in 
residences may be csoncveniently 
divi<led into two categpries; 

a. Opaque £>cterior Surfaces. 

b. Windows and Transparent 
Surfaces, 

a. Opaque Exterior Surfaces 

Vtten solar radiation striJces a 
building roof or uall^ it Increases 
the tenperatore of the building 
surface to a level atove the out- 
side tatperature. The increased 
surface tenperature thus changes 
the temperature difference between 
the inside and outside vail surfaces. 
Recalling the conduction heat 
transfer equation, a UA (t - t,), 
an increase in t wold increase 
the cor Jucrtion lieat transferred 
through the wall or roof. 

A convenient method for account- 
ing for the solar radiation heat 
load in a building is to use an 
equivalOTt air taiperature called 
the sol^air tcnperature . Sol-air 
taT{)erature is the equivalent out- 
door air tenperature ^ich would 
yield the same heat transfer through 
a vrall by conduction alone as that 
transferred due to the conduction 
heat transferred under the actual 
outdoor tatperature and solar radia- 
tion. By using the sbl-air tenpera- 
ture, t t inst^d of the actual 
outdoor^teiperature, t * the oonbined 
conduction and radiation heat trans- 
ferred through opaque surfaces is 
estirated by equation (12) ; 

= UR (t^ - t^) . . (Equation 12) 

Ihe design sol-air torperature 
is dependent upon the solar radia- 
tion intensity, l^ius, sol^-air 
temperatures are dependent xpon the 
time of the year, geographical 
location, the orientation of the 
surface (N, S, W) , the inclina- 
tion of the surface (horizontal or 
vertical) , and the color of the 
wall. 'Stva wall oolor is significant 



since dark colored vialls absorb 
larger quantities of solar radiation 
whereas li^tly colored walls tend 
to reflect a large portion of the 
incident solar radiation. Typical 
values of sol-air torperatures are 
given in Table VIII for a latitude 
of 40*N on July 21. 

Table VIII illustrates vividly 
the effects of surface oolor, 
orientation and inclinatiOT vpon 
sol-air tenperatxjres. Ft>r exaaple, 
at solar noon, yJhen outside air 
tenperature equals 90^P, sol -air 
tenperatures of vertical surfaces 
varied fron 96 to 112*? dependent 
ipon orientation. At the £?ne tine 
the dark colored vertical surfaces 
experi^iced sol-air tarperatures 
betiiieen 103 and 134^P. Oonparison 
of sol-air tenperatures for hori- 
zontal surfaces at solar noon 
indicates a difference of 172-127**P, 
or 45^, between dark and light 
colored surfaces. 

LXAWLE ND. 5 

Estimate the total heat trans- 
ferred through an 8' x 10' vertical 
wall section at 4 p.m. on July 21. 
Assune the wall has an overall heat 
transfer coefficient of 0.02, west 
facing orientation, is lightly 
colored, and is located at 40*P 
latitude. Also assime an inside 
air tenperature of 75^P and an 
outside air tenperature of 94^P. 

= 0.02(8x10) (131-75) 
- 89.6 Btn/hr 



windows and 'Xlransparent Surfaces 

Solar radiation affects the hmt 
gain through transparent surfaces in 
two ways^ First, the corihined 
oonduction heat transferred is 
increased by the surface heating of 
the outside of the glass^ Thus, 
the heat transferred by conduction 
is a function of the difference 
between sol-air torperatures and 
inside air ten(>eratures« Second, 
is the solar hoat gain inside the 
mm by transmissicn^ in sutmBry, 
the total heat gain through glass 
areas equals the heat flow due to 
indoor-outdcx>r tenperature differ- 
ences plus the radiation transndtted 
through the glass « 

The heat gain due to oonducticn 
is dependent iqpon the sol-air 
temperature, the indoor taiperature, 
the overall heat transmission 
coefficient of the qlas*5 and the 



glass area^ The solar heat gain 
by transmission is d^iendent upon 
the intensity of solar radiation, 
the orientaticxi of the glass area 
\dth respect to the North, the 
degree of shading and the trans- 
rdssion coefficient of the glass^ 



6. EHERGy LOSSES AND GftPJS FROM 
EQUIPMENT OPERATICW ^ 

Heat Is given off by many 
appliances and eguippriGnt, such as 
r^rigerators, staves, washing 
machines, dryers, freezers, dish- 
washers and lighting fixtures^ 
This energy should be considered as 
advantageous to heating and 
even reduce the size of your 
heating systen^ On the other hand, 
heat pnxlucing eguipinent adds to 
the cooling load« 
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C. Estimating Heating Loads in Buildings 



On ooTTpletion of this section 
you will be able to estijnate the 
heatir^ load for a building by using 
the tables at the end of this sec- 
tion and calculating the heat flo^r 
in Btu/hr* General procedures are 
as follavst 

1* Fiiri the therml resistance (R) 
and the overall trsmsmission 
oo^iciofit (U=l/R) for 
wallSf ceilings/ rooff windjws 
and floors frcm^^rking 
drawings and/or tabl^T 
Excerpts are given in Tables 
V arvl EC* 

2* Calculate the surface areas of 
the valls^ ceiling^ floor/ 
windqtfs and doors in each room 
of the building* 

3* Find the desiyi tenperatures 
lor the outside air and ground* 
ETOei:pts are given in Table II* 

4. Establish the desired inside 
air teit^perature* 
Gai^aliy 68°F, winter^ and 
78*F. sunmsr* 

5* Calculate the heat loss by 
conduction throui^ each 
og^jonent of each rocm usij^ 
= (AtT 

6* Calculate the cpnduction loss 
Iran each room by adding losses 
thrpu^ eadi oonponent* 

7. Calculate the total conduction 
h^t loss from the building fay 
^Bing the conduction losses 
from each room* 

8* Estimate the infiltration heat 
loss from each rccin using 
^ 0*018 Q| (At) * 

9* Calculate the total infiltration 
loss by adding the infiltration 
losses from each roan* 



10* Calculate the heat loss fron 
the aitire building by adding 
the total heat losses due to 
oonducrtion and infiltration 
(or ventilation)* ^ 

11* Estimate the seasonal heating 
load . 

Pollcfr/ procedures under Section 
7* 

EXflMPI^ NO. 6 CftDCUIAriMG HEflJING 
liOftD 

Hie building used in this exaarple 
has been kept very sinple in order to 
aqphasize procedural details rather 
than construction details (Figure 11) * 

Data and calculations are 
recorded in VJbrksheet 1 to help you 
unc^erstand how to <3b a Vtorksheet of 
your own from a new or existing 
building* 

Estunate the heating load for 
the buildincr plan shown in Figure 
11* It is described as follows 
(see ^toricsheet 1): 

- HhB house is to be located near 
Philadelt^a^ Pennsylvania* 

- the design iiKtoor berperature is 
65**F in all rootns* 

- Hie house rests cn a 4-inch 
concrete slab on grade with 1-inch 
thick perimeter insu lation (k = 
0*24) around the entire slab* 

* 

- Hie exterior walls are of 2^ % 
frame oonstiijcticn witii studs 16 " 
inches o*c* Hie space between 
studs is filled witii 3 1/2 inches 
of insulaticMi mth an R-^value of 
11 * Hie inside of the ^11 is 
covered witii 1/2-^inch gypsum 
wallboard / while the outside is 
sheathed witii 1/2-indi a^jhalt 
ijrpregnated wallboard and 

1/2 X 8-inch wood siding* 
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- TSie interior walls are uninsu- * 
lated and have 1/2-ijich gypsum 
wallboard on each surface" 

- The ceiling oonstructicn consists 
of 1/2-ijicfa qypsim wallboard, and 
2" X 8" ceiling joists (16" " d.c). 
Hie space between the joists are 
filled with 6 inches of R-19 
blanket insulation. 

- The roof has a slope of 1:3 and 
is constructed of 2" x 4" 
rafters , 16 0;C. and 
covered with 5/8-inch plywood 
sheathing, felt building pap^ , 
and asphalt shingles . 

The wndows are all 36 x 60 
inches in size and are doubly 
insulated glass, 0.125 inches 
thick vdtii 0,25-in~ air spaces. 

* All doors are of 1.5-inc'\ triick 
wood construction \7ithout storm 
doors. The dinension of each 
door is 36 x 80 inches . 

* The ceiling height is 8 feet . 

- All doors and vJindcMs are 
wsatherstripped . 



SOUt/ncM : 

Follow steps given under t±ie 
following headings and observe the 
recorded values in t^ksheet 1. 

1. Determining Thermal Resistance 
(R-^alues) and Overall Trans- 
nission Coefficients (U-Values) . 

2. Determining Areas of Building 
Oonponents. 

3. Determining Design Teitperatures. 

4. Calculating Heat Flw by 
Conduct ion. 

5. Calculating Heat Flow by 
Infiltration. 



6. Calculating itotal Heat Flow. 

7. Estimating Seasonal Heating 
Load. 

8. Oonparing EnergySavtng 
Practices. 

1. DEEERfCMIMG TOERtflL RESISIANCE 
(R-VArJOES) AND OVERALL TRANS- 
mSSICN OOEFFICiaJTS (U-VALUES) 

These values are discussed under 
the follcfrang headings and recxarded 
in Iforksheet 1: 



a. 


Walls, 


b. 


Ceiltngs. 


c. 


Floors. 


d. 


V/indows. 


e. 


Doors. 



a. Vfeills 

Proceed as follows: 

1. Find U-Value from Table V. 

U-Value (Avg.) = .081 

Note recorded in Worksheet 1. 

2. Goqpute R-ValuG. 



R-Value = 




= 12.35 



b. Ceilings 

Proceed as follows: 
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1. Find U"V^ue for roof f ran 
Table IX . The ceiling and roof act 
in ocnbination in determining the 

• heat Logs through the roof area. 
TSable EC gives the 0- and H-V^ue^ 
for a pitched roof (with a 45* 
slope) with reflective and non- 
reflective air spaces. This exaitple 
building has a slope of 1:3 (apprcm* 
raately 20**), a non-reflective air 
space between the roof and ceiling 
and 6 inches of insulation (R-19) . 



c. Floors 

Ihe R-Value of the floor in this 
problem is not required sinoe Table 
XI allcws direct estimation of the 
floor slab heat losses in Btu/hr as 
a function of linear feet of 
exposed slab edge and outdoor 
design tesr^ratures (See Figure 11) . 

It is given in Btu/hr per linear 
foot of exposed edge. 



For the roof with ncai^roflective 
air space and no insulation, O-0.273 
(Fraxi Table IX, for \dnter condi- 
tions with heat flow i^) . 

2. Fiiid oeiling-roof ooirbijia" 
tion vaBi insulation (R-19) ftaa 
Table X . 

(1) Enter Table X with a U-Value 
of 0.273 or a^roxitnately 
"6.30 in the first coluitn. 



Proceed as follows: 

1. flssuTie outside design tempera- 
ture of -10 to -20 

2. Fijid heat loss in oolunn 2 for 
1" edge insulation (Table Xl) . 

50 Etu/(hr-Ft) 
d. Windows 

Proceed as follows: 



(2) Proceed to the right to the 
ooluiTin most nearly oarres- 
porading to the installed 
R-Value of insulation 

(R=-ao) . 

(3) Rsad directly the overall 
transmission ooef f icient 

of the roof -ceiling corbina^ 
tion. 



U = 0.04. 



Thus, R = 1/.04 
25. 



Note 0-Value recorded in 
^*3rksheet 1. By using the 
roof-oeiling oorbination for 
the R-Values, the design out- 
side and inside tenperatures 
can be used in future heat 
loss calculations. It is not 
necessaiy to evaluate the 
attic space temperature. If 
the attic is well ventilated* 
use the R-Value for the ceiling 
ocMistruction and outside design 
air torperature. 



1. Find U-Value for double insu- 
lated .^5 inch air space in Table XII . 
Double insulated, no indoor shade, 
vdnter: 

0-Value - 0.58. 

^bte recordings in Wbrksheet 1- 

2. Ccnpute R-Value . 



R-Value - 



e. Doors 



1 = 



0.58 



= 1.72. 



Proceed as follows: 

1. Find u-Value for 1.5-lncfa doors 
vTithout stom docars in ^able XIII . 

U-Value = 0.49 

IJote recordings in ifarksheet 1. 
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2. Oonpute H-Value. 
R-ValuB = ^ 2.04 



2. DBIEKCmNG AREftS OF BCTIDING 

Assune tliat all the rocns are to 
be kiept at the sane tenperature. 
Then there will be no heat transferred 
throu^ interior walls, and it is 
neoessary only to calculate the area 
of the exterior walls. To illustrate, 
find the required areas for roan 3 
in Hgure 11 as follows (See VJbrk- 
sheet 1): 

1. Ootipute exterior wall area 
(fsoom 3). 

25' X 8' ^ 3' X 6.67' ^ 180 ft? 
25' X 8' ^ 3'x5' - 3'x5' « 170 ft? 
20' X 8' - 3' X 5' = 145 ft? 

Ibtal 495 ft? 

2. Coipute ceiling area (Room 3) . 
20' X 25' = 500 ft? 

3. CoTpute window area (Room 3) . 
3(3' X 5M ^ 45 ft? 

4. Ootpute door area (Room 3) . 

3' X 6.67 - 20 ft? 

5. Oonpute exposed slab length 
(Roan 3j . 

25' + 20' + 25' = 70 ft. 

6. Calculate areas for other 
rooms in the sane manner. 



3. DE3EBMINING DESIGN TEMPEaRftJURES 

1. Select inside design tgtperar 
ture (tj^yi For this exarT()le use 

65° P. Dfany designers use 68*F. 

2. Select outside design 
tenperature (t^) . Outside design 
tenperatures for Philadel^Aiia, PA 
are given in Table II. T\JO winter 
design oonditions are givt^; one 
under the 99% oolurm and one xmder 
the 97.5% ooliim. These perooitages 
are the peroontage of the total 
nurber of hours during the ncmths of 
Deoenfaer, January and Feberuary that 
the list^ tenperature is exceeded 
in an average year. For a resi- 
dential buildingf the 97.5% design 
tenperature is usually attequate. 

2hus, the outside design 
tefrperature, t^, is M'^P and 
- t = 65-14 = 51*P. 



4. caimarn^ HEftr Fiiow By 

OQMDUCTIOH "^T 

Proceed as follows (see Work- 
sheet 1): (Calculations are shown 
for room #3 only.) 

1. Find heat flow through walls 
(Roan 3) . 

(walls) = U (wall) A (wall) (t^-t^) 
= .081 X 495 X 51 = 2045 Btu/hr 

2. Find heat flow through 
ceiling (Room 3) 1 ' 

q^, (ceilings) - U (ceiling-roof) 

A (ceiling) (t^-t^) 

= .04 X 500 X 51 = 1020 Btu/hr 



3. Find heat flex J throu^ floor 
{Room 3) . 

(floor) - factor fron Table XI 

X exposed length of slab 

q^. = 50 X 70 = 3500 Btu/hr 

4. Find heat flow throu^ 
winaows (BDom 3) . 

cr (vandows) = U (windows) A (windows) 
- t^) 

q^. = 0.58 X 45 X 51 = 1330 Btu/hr 

5. Find heat flow through 
doors (Rpon 3) . 

cu (doors) - U (Doers) A (Doors) 
(ti - t^) 

^ 0.49 X 20 X 51 = 500 Btu/hr 

6. Find total heat flo^J through 
aach rocni . 

Fran st€ps 1, 2, 3, 4 and 5: 

For roan 3, 2045 + 1020 + 
3500 + 1330 + 500 - 8395 
Btu/hr. 

uyJSt Ihe values for roans 1 
and 2 are obtained in the same 
nanner as those for rtxm 3" 
The values are sunmarized and 
listed in \forksheet 1 . 

7. Find total heat flw^^V 
oonduction from buLldirig . 

Add heat flow for each room, 

(roan 1) = 4959* 
q^; (room 2) = 3936 
q^ (room 3) = 8395 

Total = 17,290 Btu/hr 



5. GAIOJtJaiNG HEflT FUJI SY 
INFILTRATION 

Calculate the infiltration heat 
losses fron each room as follai^s 
(see l*>rksheet 1) : 

1. Find air exchanges (Qj^) fron 
Table Vl~ Use 2/3 since windows 
have stam sashes (Table VI) . 





(Room 1) 


= 2/3 


Qi 


(Room 2) 


= 2/3 


3i 


(Bocn 3) 


= 2/3 



2. Find heat flow by infiltra- 
tion for each rooni (qj) ' 

= .OlSQi U^t) 
qi (Ftocm 1) ^ .018 (1800) (51) 

= 1652 Btu/hr 
Qi (Boom 2) = .018 (1600) (51) 

= 1468 Btu/hr 
qi (Rocm 3) = .018 (5360) (51) 

= 4290 Btu/hr 

3. Find total heat flow by 
infiltration ig) 7 

Add heat flow from each roomt 
1652 + 1468 + 4920 = 8040 Btia/!^ 



6. CRimATING TOTAL lEftT FLOW 

Add heat flow by ccnduction ami 
heat flow by infiltration. 

q^ = 17,290 
qT = 8,040 

q - 25,330 Btu/hr 

tJOfEEt A blank ^-forksheet 2 is 



proyided for you to calculate 
Teat flow f roin your cwn new or 



existing building (in the 
student vorkbocilc) . 
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owtaU HMt TttMtar Oo»ff idtnto 
bcUricr tUls O.OBl Bbvlw^^ 
OaiUng-ItooC CdF TTM Btt«/hr-ft<**F 
Flan >^ Btti/hr-{tZ=^P 
SUte 50 Bbi/hr-ft 
HlndCHi ^.58 Bbq/hr-ft2-«F 
ooon o«WT tw/hr-ft*-*F 



Design 



(ti) 65f 
Outside ataperatura (to) 14«F 







Trananissicn 


Surface 




Obnducticn 




mfiltratioi 


nifiltratim 




Building 


Owffici«nt 


Area 


Oiffexenoe 


losses 


Air 


Rate 


Losses 


Room 


CbipoMnt 


(0) 


(A) 


(ti-tj) 


cuKA( t) 


Dcchange 




qi-.018(}i( t) 




E>ct. vmll* 


.081 


330 


51 


1363 










Ofti ling-roof 


.04 


225 


51 


459 










Floor 
















1 




50* 


45* 




2250* 










windows 


.58 


30 


51 


887 










Ooor> 


.49 


0 


51 


0 










TOTAL ROCM LOSS 








1.5 


1800 


1652 




EKt* lalls 


.081 


260 


51 


1074 










CeiUng-TDOof 


.04 


300 


51 


612 










Floor 
















2 




50* 


35* 




1750* 










WinkMS 


.58 


0 


51 


0 










Doors 


.49 


20 


51 


500 










TOIAL ROCM LOGS 






355? 


1.0 


1600 


1468 



Ext. walls 


.081 


495 


51 


2045 


ceiling-roof 


.04 


500 


51 


1020 


Floor 










Slab 


50* 


70* - 




3500* 


VOixkMs 


.58 


45 


51 


1330 


Doors 


.49 


20 


51 


500 



TDIAL KXM LOGS 9355 2.0 5360 4920 

*Slab LOSS " Factor fran Table XI x Exposed Perimeter Length. 

tMal Oondwrticn Loas > 4959 + 3936 * 8395 « 17,290 Btu/hr. 
tMal Stfiltraticn loas > 1652 * 1468 * 4920 > 8,040 Bb»/ta* 
Tbtal Heat loss > 17,290 * 8,040 > 25,330 Wa/tvc. 
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7. Esnrnm^ seasons heat ioad 



The procedures described and 
illustrated thus far allw cotrputa- 
txon of the heat loss fran a building 
when the outdoor teitperatures are at 
the design , or some other specific , 
tOTperature* This occurs km: only a 
few hours, or instants, during the 
heating season^ T!he seasonal heat- 
ing load can be estirated by evalu- 
ating heat losses on an hour by hour 
basis« Howeverf this procedure would 
be too time oonsuming^ Instead, an 
approximate method Joiown as the 
Degree-Day Method has been reoomnended 
by ASHRftE for predicting seasonal 
heat losses and fuel consunption^ 

Hie Degree Day Method estimates 
seasonal heating loads by assundng 
there is no heat loss or gain vrt^en 
the outdoor tenperature is 65*P and 
then predicting from weather data the 
nuiiDer of hours in the heating seasoTi 
for which the outdoor temperature is 
belcw $S^F. Hie total nimber of 
hours for whicti the outdoor tenpera- 
ture is less than 65*F is called the 
nuriDer of Degree Days for the 
building location. The nurber of 
degree days is dependent ipon climate* 
laical values are surmarized for 
several locations in Table II* 

The seasonal heat loss is esti- 
mted by the equation: 

q X D X 24 

^s = ^^^ 

\*ere = seasonal heat loss, Btu 
q = heat lass at design 

tenperatures, Btu/hr 
D = nuAer of degree d^r^^s, F* 

days 

At = design tenperature differ^ 
ence, 
24 ^ 24 hour day 



Tq estimate the fi£l oonsunpticxi 
during a heating season/ the lieatinq 
value of the fuel and several 
efficiency factors nust be applied 
to the seasonal heat loss value, 

^ Y XV 

where E = seasonal fuel or energy 
oansiiTption 

CL = ocorection factor heat 
loss differences 

Cp = oarrection factor for 
partial loads for fuel- 
fired systa^s^ (Use 1^0 
for electric resistance 
heating J 

y = rated full load efficiency 
of heating equipment 
(decimal value) « 

V = heating value of fuel in 
units oonsistent witii 
E and q^- (Bti^gal, 
BtVcu* ftf Btu/kwh) 

Suggested values of Oj and Cp are 
found in Tables XIV and Full 
load efficiencies are usually between 
70% and 80% and are available from 
manufacturers « 

EXAMPLE NO. 7. ^ftSONAL HEftT lOflD 

Ocxxsider the sane situation 
described in Exanple Pxcbleni Md« 1« 
Asstme the heating s/stan has a 
capacity of 30,000 Btu/hr* 

St&p 1; Ev aluate the seasonal heat 
leg s * 
q^ = q x V x 24 

q = 25,330 Btu/hr (Prom EKanple 
Problem No* 6, Wbrksheet 1) 
D - 5144 degree days (Table II) 
A t = 65*-14* = 51<T 



- 61,300,000 BtiVseason. 

Step 2: Etfal^jate the quantity of 
fuel required per heating 
season . 

E - qg ^ ^ ^ 
V X V 

= 0.83 (Table XIV at 14*P 

design tcnperature) . 
Cp - 1. 56 (Table XV for 25% over- 
sized heating unit. ) 

V = Efficiency .75, fuel oil; 

1.00 electricity. 

V - 800 Btu/ft^ gas. 

V » 144,000 Btu/gal fuel oil 

V = 3,413 Btp/fewh electrical 

energy. 

Thus the estimated quantity of fuel 
constmed is 

« **** ,0.83 X 1.56^ 
E- 61,300,000 {^j775-i^^gg-) - 

132,000 cu. ft. gas. 

E - 61,300,000 {0'83 x 1.56 , 
' ' X.75 X 144,000^ 
735 gal. fuel oil 

E = 61,300,000 ^ hj^l) = 

1.0 X 3413' 

23,250 KWh electrical energy. 



8. OOHPARING ENERGy-SAVIHG PRACTICES 

It is often desirable to ccnfBre 
the oiergy savings realized by an 
energy-saviiig practice. Ttus section 
outlines and illustrates the 
procedures for CQnf>aring the effect of 
various practices. 



Basically tow iteins rust he 
corrected for the inodif ied hoone. 
specifications; nanely, the tranr^- 
nission coefficients tor the v;alls, 
ceilings, and slab and tiie air 
exchange rates. Theso ootrecfcio^ii 
altxig mtti their ocmsequenoes aro 
sutmarized in ^tarksheet 2 . 

EXftMPI£ NO. 8: COMPARING £^iERGy- 
SAVDC PRACTICES 

1. EyaLjate the design heat loss 
for theliodified specificatia^ (no 
insu7^ticn or vieatherstripping} . 

(1) Change exterior wall 
transmission oqef f icient 
to 0.206 (Table V) . ' 

(2) Oiange ceiling-^roof trails* 
msslon coefficient to 
0.273 (Table IX) . ' 

(3) Qianje slab transmission 
Sctor to 60 (Table XI) 

(4) Calculate new conduction 
loss oolinn gitries" 

(5) Calculate new total conduc- 
tion loesentry . 

(6) Change infiltration rate to 
full value as given in Table 

yrn. ^ 

(7) Calculate neiv infiltration 
loss entries . 

(3) Calculate new total infiltra- - 
txon loss entry . 

(9) Evaluate total heat loss. 



Ihe house in Exanple No. 6 will be 
used to conpare the energy consistfition 
for the house specifications as given 
and for the sama house without any 
insulation or weatherstripping. All 
the calculations will not be shown for 
the uninsulated house. Instead, the 
entries in igbrksheet 1 which are 
affected by the tnodif icaticn in specs 
will be crossed out and replaced in 
lon^iand with the oorrect values. 
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2. Byaluate the change in the 
aeasonaTlieat loss, g ^/ 

(1) Ibr the insulated, weather^ 
stripped buiXcjUj^ qs - 
51,300,000 Btm/seasai. 

(2) Ftar the imiiisulated, non- 
stripped building7 

122 million Btu/season. 

(3) The increase in heat loss is 
122-61.3, or 60.7 million 
Btu/seasc^ 

TJiis r^Mpesents an increase 
of 60.7 

3. Evaluate the change in the 
quanti^ of fuel reguired per season . 

Use fuel oil for the illustration. 

(1) Ftor the insulated, \veather - 
stripped building! 

E = 735 gallons fuel oil/ 
season. 



*nie annual cost of fuel for 
heating for the current season can 
be evaluated by multiplying the 
seasonal fuel oonsunption, E, 
by the unit cost of the fuel, 
similarly, the current year 
savings in fuel cost is sinply the 
change in fuel oonsunf>tion times 
the unit fuel cost. In the illustra- 
tion just completed, if the cost of 
fuel oil is $0.50 gallon, the addition 
of insulation and weatherstripping 
would reduce the annual cost for 
heating fuel by 0.50 (800), or 
$400. Of course, as fuel costs 
increase, the dollar savings will 
also increase. 



(2) For the insulated building , 

E = 122,000,000 (c^^^^iJjflj^) 

= 1535 gallons fuel oil/season 



(3) Find the increase in ftjel 
oil oansunption . 

1535 - 735 or 800 gallons. 




Ow«ll Hwt TtantfT Ooefficiwu (U) 
nam Bfc4/tir-HZ^*F 
Dooem Oj5Ttu/hr-ft2-»F 



Deaian 



Outside tafjerature 



(ti) 65»F 
(to) 





ItanflBlssion 










Infilfevatim Inf iltrati£*i 


Building 


Coefficient 


Am 






Air 




Rocn Qjujiciwnt 




(A) 




mj **s^ vf *« 






EM. Mils 




330 


51 


74Efr^ 






Osi ling-roof 




225 


51 








Floor 














1 Sl^ 




45* 










Ittiidows 


.58 


30. 


51 


887 






Doors 


.49 


0 


51 


0 






TOIXL fCCH LOSS 






-*^/^'»? 


1.5 




walls 




260 


51 








Oeillnj-xoof 




300 


51 








Floor 














2 Slab 


^ fro 


35* 










Windows 


.58 


0 


51 


0 






Doors 


.49 


20 


5i 


500 






TODVL ROOM L06S 






1 


1.0 





EM. Mils 




495 


51 




Oeilinq-roof 




500 


51 


.M20 


Floor 










Slab 




70* - 




3seo' 


Windows 


.58 


45 


51 


1330 


Doors 


.49 


20 


51 


500 



TOTAL UOH LOSS 



2.0 



•Slab IMS - Factor f rcn Table XZ x DipoMd BerUgeter imgOT 

Ibtal Cbnhictifin Loss - «M9 * 3»» * 9995 - 4^:299 Btiv^. 
Ibtal InfUtratloi Loss - mz + 4m - .MHO Btu/hr. 

1M*1 Hwt loss - 19tS90 + «rMO - Bt^/hr. 



D. SpeciaS Applications for Estimating Cooling Loads in Buildings 



Cooling loads in buildings differ 
&an instantaneous heat gain calcula* 
tions because of flywheel effects^ 
lhat is, seme of the heat gained 
during the hottest portion of ttv^ day 
is stored in the building furnishings, 
walls and partitions and need not be 
rcnoved until sonetijte later when 
the outdoor ^.enperatures are lower 
and the instantaneous heat gain is 
smaller^ Nimurous tedmiques have 
been devised to acoount for this 
flywheel affect vAien calculatir>g 
residential cooling loads* 

Cooling loads are estiirated by 
evaluatir>g sensible cooling loads 
due to: (1) heat gain through 
floors, walls ^ oeilings; {2) windows ; 
(3) infiltration and ventilatigi aJj 
€Qcchange ; and (4) oaajpon c yl Then 
the latent cooling load (that 
tiequired to control and renove 
exeats iToisture) is evaluated* A 
rule of thuib is to assiniG the 
latent cooling load is 0*3 tines 
the sensible cooling load* 

Ito help you unckrstand the 
difference between heating loads 
and Pooling loads ^ discussion 
is given under the following 
headings: 

1* Cooling lead Due to Heat 
Gain Throu^ Walls, Floors, 
Boofs and Gei2ings* 

2* QDoling lead Due to Windows* 

3* QDoling lead Due to 
Infiltration* 

4* Oooling Load Due to Occupancy* 



1* O00UM5 LOftP DUE TO HECT GMN 
AMD CEnJIISS 

*Ehe cooling load due to heat gain 
through struct j.cal oanfxanGnts may be 
calculated by using an equivalent 
difference between the inside and 
outside tenperatures in place of the 
actual indoor-outdoor tenperature 
dif feraices* Typical values of 
Bjuivalent O^snperature Diffeteances 
(EH)) are given in Table XVI* *Ehe 
ETD takes into account sudi factors 
as sol-air tfinperatures , construction 
ty pe ^ themal flywheel effects , and 
mlly tCTperature ranges ^ and outdoor 
design tenperatures* The cooling 
load due to structural ccnponents is 
obtained using equation (13) : 

- UA(En>) * * * Equation (13) 

Ito ent^ the table of Ern>*s, cme 
itust obtain botii the outdoor design 
tenperature and the range of dedly 
tenperatures for the building site 
(Table ID* ETID's are given in 5*F 
increments of design tenperatures 
fran 85*F to 110*F (iSable XVI)* 
Daily tenperature ranges are given 
for 3 conditions: I((K15*F), 
H(15*25*F), and H(over 25*F)* ETO's 
for design tenperatures not listed 
can be oi^tained by adding l^F to 
the tabulated value for each degree 
increase in design tenperature* Fbr 
this problem^ walls are all assuned 
to be dark walls in Table XVI* 
Roofs, on the other hand, be 
either dark or li^t colored* 



5* latent ODoling load* 



6* 



Total Cooling Load* 



2. OOaLnJG IDAD DUE TO im^IXIHS 



3. 00Qtj:«3 LCfiD DUE TO IKFILTRMriCN 



Hie equivalent temperature 
differ&ice concept has also been 
adopted to sittplify ax>ling loads 
due to heat gains through window 
areas. Typical values of equivaioit 
tenperature dif f eroioes (ETO) are 
given in Table XVII. Ihe ETO's are 
given for 4 types of glass (regular, 
single glass, regular double glass, 
heat absodDing double glass, and 
clear triple glass, 6 design tenpera- 
tures (85 to 110**F) , for 8 conpass 
points (N, S, E, W, etc.), and for 4 
windcw treatments (no drapes, 
draperies, roller shades, and 
awnings) . The ETO's are based-upon 
an indoor taperature of 75^F. 

The cooling load for wiiKlows is 
then calculated using equation 13, 
as was done for walls. 

Permanent shades, such as over- 
hangs, vdll reduce the cooling load 
due bo vdndcws. Shaded windows are 
considered as North-facing windows 
to get ETO's. Most permanent shades 
will shade only a porticn of the 
window area. Thus, it is necessary 
to determine the extent of shading, 
or the shade line, for each window. 
Table XXIII gives typical shade line 
factors for several latitudes and 
window orientation. Uie shade line 
will extend downward over the 
shaded wall for a distance equal to 
the shade line factor {from Table 
XVIII) times the overhang widtii. 
The shaded portion of the window is 
then asstmed to be a North-facing 
window for its ETO while the ori«ita- 
tion of the reinaining portion of the 
window is not altered for its ETO. 
note that NE and NW facing wii^3ows 
are not effectively protected by 
permanent shades. 



Infiltration and ventilation air 
exchanges are smaller in warm weather 
than in oold weatiier. Hie infiltra- 
tion and ventilation cooling loads 
given in Table XIX reflect this 
difference. Lifiltration cooling 
loads are obtained by nultiplying 
the area of the exposied wall area 
tines the factor given in Table XXX 
for a specific design tatperature. 
V^tilation cooling load is calculated 
by nultiplying the factor in Table 
XIX tijnes the cfin capaci^ of the 
ventilation fans. Most residences do 
not have mechanical ventilation 
systems and rely upoi infiltration 
for their voitilation. 

4. COQLJNG LCaD USE TO OOCUPflNCT 

The cooling load due to occu- 
pants and appliances is usually 
approximated* Hie load per occu- 
pant is apprcKimately 225 Btu/hr 
and the nuiber of occi^xants may be 
estimated at twice the nxitfcer of 
bedrooms unless a lot of large 
group entertaining is anticipated. 

The cooling load due to appli*- 
ances in most residences can be 
liiait£d to the kitchen and estimated 
at 1200 Btu/hr. 

5. lATEMT OOOLING LCftP 

The latent cooling load may be 
estimated at 20 to 30% of the 
sensible cooling load. 

6. TOTOL OOOLqC WPP 

TBie total cooling load is the 
sum of the sensible cooling load 
through the structural components, 
windows, infiltration gains, occu- 
pancy gains, and moisture removal 
(latent cooling load) . 
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3. OOOUNB LOM) ESrXHVTKN 




Ow«r»ll HMt TtawdaaAan OD»ffici«nt« 

bctfior mn V.Vil tb»1>r-ft^*f 

Geiliii9-ltai^ affo TF.04 Btii/hr-ft2-<T 
Floccs Btu/hr=I€^*F 

MndoMS O.sa Btivlw^f t2-*F 
Doors 0.i5Tk«/hr-ft2-«P 



Design 



Inside tafterBture 75*? 
Outside HBUJeiaUire 90 *F 
Hean Daily Itenge 21^ 





Hut 






Conduction 




Groes 


mflltxatioi 


Oocupancy Tbtal Ibtal 




itannission 






Sensible 


mfii- 




Sensible 


Cooling Sensible Cooling 




Ooefficient 






Oooling uud 


tration 


!ribll 


Oooling toad 


load Oooling Load load 




(Ul 


Area 


ETID 


(Bta^/hr) 


Factor 


Aroa 


(Btu/nr) 


(Btu/nr) (Btwnri (otu/nr) 




0.061 


330 


18.6 


497 










Oeilinci-Toof 


0.040 


225 


31.0 


279 










Floor 4 


















Slab 




225 


0 


0 










1 Doors 


0.49 


0 


18.6 


0 










Window (N> 


0.58 


15 


17.0 


148 










KlndoM (K) 


0.S8 


15 


56.0 


487 




























Window ( ) 


















TOTAL 








1411 


1.1 






l^CA AAHA 

low 3457 44!f4 


&Ct. Mils 


0.081 


260 


18.6 


497 










Oeiling*roof 


0.040 


300 


31.0 


372 










Floor 


















Slab 




225 


0 


0 










2 Doors 


0.49 


20 


18.6 


182 










Window ( ) 


















Window ( > 


- 


- 


- 


- 










Winaow { } 


















Window ( ) 


















TOTAL 










1.1 


260 


308 


0 1254 1630 


&ct. wills 


0.081 


495 


16.6 


746 










Geiling-roof 


0.040 


500 


31.0 


620 










Floor 


















Slab 




225 


0 


0 










3 Oows 


0.49 


20 


18.6 


182 










Windw m 


0.S9 


30 


17.0 


296 










Window (E) 


0.S8 


15 


56.0 


487 










Window ( ) 


















Window ( > 


















TOTAL 








555r 


1.1 


560 


616 


0 2947 3831 



TOIW. OOOLING LOW - 4494 + 1630 + 3831 - 9,955 Btq/tir 



E. Estimating Cooling Loads in Buildings 



The oooling load ^or a ;ouildinq 
can be estiitated by using the tables 
and calculating the heat gained in 
Btu/hr* Fton this section you will 
be able to calculate the oooling 
loads in buildings^ General pro- 
cedures are as follob^: 

1. Estimate the overall heat 
transmission ooef f icient, 
^ffJ)/ for walls / ceilings/ 
roof/ windows^ doors and 
floors ^ 

Itefer to Tables II, III, 
IX, X, XI, XII/ and XIII. 

2. Figure the surface areas of 
the walls / ceilings, floor/ 
windows/ doors and floors on 
each rociu . 

3. Finu the design indoor and 
outdoor tgrperatures . 

itefer to Table III. 

4. DetetHdne tile eguivalent 
tenperature differ^oes^ 
ETO, for each conyonent in 
each roonu 

Refer to Table XVI. 

5. Evaluate the oonduction 
sensible oooling load 
required for each conponent . 

Use equation 13, ^ UA (etd) 

6. Evaluate the oonduction 
sensible oooling load for 
eagi rocig . 

Add cooling load for each 
odiponent. 



7. Evaluate the infiltration 



sensible coo^ 



lim load in eadi 

room by u'sing f actoars in 
Table XIX and the gross 
exterior wall area and 
meciianical ventilation rates. 



8. 



9. 



E valuate tile total sensible 
gjoling load for each roonTb^ 
a dding the conduction sensible 
oooli^ load and the infiltra^ 
tion sensible oooling loads . 

Evaluate the total cooling 
load for each room by 
increasing the sensible 
cooling load per room by a 
factor of 1.3 . 

This increase accounts for 
the oooling load required to 
remove moisture from the 
residence* 



10. Evaluate tiie total cooling 
load by adding the oooling 



losKte for 



room. 



EXfiHPLE ND. 9. OOOUMS LOAD 
GflLOmanON 

Estiirate tiie cooling load for the 
building plan shown in Figure 
zvaditional features are as follows: 

- Iho house orientation \dth respect 
to North is as shown. 

- Uie roof is unshaded . 

- Hie roof is light in color. 

- Hie house eaves are too narrg-; to 
do any effective shading of 
windows. % 

- Desired indoor taiperature is 75**^ . 

- All vdndcws have roller shades 
half drawn . 

- Assune no iriediaaiical VCTtilatic^ 

- AssiEie Rxm 1 is a kitchen and 
house has two occupants. 
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Data and calculations are 
reoonSed in Vbrksheet 3 to help you 
understand hcxv to do a worksheet of 
your own fran a new or existing 
building. 

SOLtfraOM : 

Follow steps givai under the 
following headings: 

1. Determining Thermal Resistance 
(RrValxjes) . 

2. Determining Overall Heat 
Trananission Cbefficients (U-Values) . 

3. Determining Areas of Building 
Conf^ments. 

4. Determining Design Tfenpera- 
tures and Mean Dally Range. 

5. Finding Equivalent Tenperature 
Differences (inD*s). 

6. Calculating Conduction Sensible 
Cooling Loads. 

7. Estimating Occupancy Cooling 
Loads. 

8. Calculating infiltration 
Sensible Cooling Loads. 

9. Calculating Total Soisible 
Cooling Loads. 

10. Calculating ibtal Cooling 
Load. 

11. Estimating Seasonal Cooling 
Load. 

12. Coiparison of Seasonal Energy/ 
Used foa: Cooling. 



1. rariEIMINIMG THERMAL RESIgTANCE 
(R-VAIJJES) ' 

Follow procedures under "C. 
Estiitating Heating Loads in Buildings/' 
Exanple Problem No. 6. 

2. DEMttCtNINS OVERAUi HERT TRANS- 
MTSSIQN COEFFICIENTS (U-VMilK) 

Tliese are discussed urder tiie 
following headings and qlven in ftork- 
sheet no. 3. 

a. Walls. 

b. Ceilings. 

c. Floors. 

d. Windows. 

e. Doors. 



a. walls 

U = .081 (Exanple No. 6). 

b. Ceilings 

The ceiling and roof heat trans- 
mission coefficient is corbined as in 
the heat load exaitple. Homfver, the 
base u-Value dianges as the heat flow 
is now downward instead of i^^ard. 

Pton T&ble IX, U - 0.262. 

Fran Table X, U = 0.04. 

nyiE that U did not change in 
this exacEple betx^een susimer and 
winter conditions. IMs is 
because the R-19 insulation is 
much greater than any diange in 
R in air ^^ces between sinmer 
and vrf-ntcr nodes. 

c. Floors 

Use Table XI for factor on 
function of exposed perimeter 
length (See Bxanple Problafn No. 
6). 

d. Windcws 

Fran Table XII, U - 0.58 
(Exanple Problem No. 6). 

e. Doors 

Fran Table XIII, U * 0.49, 
(Bxanple Prcblafn No. 6) . 

3. DETERMINIMG flRERS OF BCHOIMG 
OOMPONEWTS 

Follow procedures in Bxanple 
Problem No. 6. 



4 . IJilliHMIHING DESIQJ TOgERfOTIRES 
AND MEaW Dftny RBMGE ' 

Procseed as £Dliowst 

1. U se indoor tenperature (t^ ) = 
WW. 

2. Use outdDcr design taperature 
fO = Wf . 

Ihe 2.5% dry bulb temperature 
listed in Table II is used. 1)us 
dcy bulb temperature is not exceeded 
in more than 2.5% of the total hones 
during the months of June, July, 
August and September. 

3. Find mean daily range of 
toiiperature in Table II . 

Use 21 'F fron Table II. 

5. FINDING BQqmiafr TEmromi^^ 

DIFEIKEHCES (ETD'S) 



Proceed as follavs: 

1. Find EH) 's for all oonponents 
exoept windows . 

Refer to Table XVI. Enter the 
taitle with a design temperature of 
gO^'F, and an M range {mean daily 
range of tenperature, 21*'F vjhidi lies 
between 15*'F and 25^F.) 

Eas> (tells) = 18.6^*? 

ETTD (Doors) = 18.6^P 

EID (Ceiling-Roof) = 31.0^F 

EPD (Floor) = O^'F 

2. Find ETD for Windows . 

Refer to Table XVII (regular 
double glass — roller shades) . 

EID (JtortJi Facing) - 17^F 
ETD (East Facing) = 56''F 
ETD fftest Facing) = 56*F 



6. caijCLffAmJSoarooc 

NG LGAD6 



Find oonducticm cooling loads for ^ 
oonponents and rocne. Proceed as 
follows: 

1. Use equation !to. 13 . 
q^^ = UA (BID) . 

2. Substitute values in f oorula 
and oonpute . 

7. EgmKPING OOCUPANCy OOOLINS 
^iSSEg 

Par the kitchen. Room 1, 
1200 BtiVhr + 2 ooc. x 225 = 1650 

BtiVhr. 

8. CMmATING mFIUTRRTIOH SEtlSISaja 
COXItXi LOftPS 

Calculate air infiltration cooling 
loads for each rocm. Proceed as 
follows: 

1. Find f actca: Table Xpt . 
Inriltration sensible cooling 
load (qj^g) - gross exposed 
wall area x factor in Table XIX. 

2. Ccnpute for each room . 

qi3(roan 1) = 1.1 (45x8) = 396 Btu/hr 
qi3(room 2) = 1.1 (35x8) = 308 Btu/hr 
qj^g(roan 3) 1.1 (7Qk8) ~ 616 BtiVhr 

See 7for]-^heet 3. 

9. CRDCTIIATING TOTM. SE^ 
LORDS 

Calculate total sensible load 
for each room. For example^ Bocm 
No. 1: 

1. Add conduction sensible load 
(Section 6) to infiltration 
sensible load (Section 8) and 
occupancy load (Section 7)7 



Roan 1/ q 
RooKt 1^ q^g 
JtoOK 1, q^jc 



1411 Btu/hr 

306 
16S0 



40 



Itotal = 1411 + 396 + 1650 

^ 3457 Btu/hr 

Corpute for rccris 2 and 3. 
See Worksheet 3* 

10. CaiiOULaFIHG total ODOLIMG DOflO 

Proceed as follc^/s.: 

1* Aad 30% of sensible load for 
each rponh For exart^le, room 1* 

2* Multiply sensible load fion 
Section 9 by 1^3 for noisture 
raroval ^ 

Total oooling load 

for roan 1 =^ 1*3 x 3457 

= 4494 Btp/hr* 

3* Ctanpute for rooms 2 and 3 * 

4* Add total cooling loads for 
each rociTU 

Room 1 = 4494 
RDom 2 = 1630 
Room 3 = 3831 
Total 595? Btu/hr 

See ;*)rksheet 3* 

11. ESTIMftTING SEASONAL OOOLINS WPP 

As witii heating loads^ it is 
often desirable to estiinate the 
seasonal oooling load for a 
residence* ^^90 sinple methods are 
suggested by ASHFAE for rouc^ 
estijnation* Hiey are the (1) Oooling 
Degree-D^ Method , and (2) Bquivalent 
g\jdl-LDad Hours Metiiod * 

The Oooling Degree-Day Method is 
similar to the Degree-Day Method for 
Seasonal Heating Loads« Ihe 
difference is that the niiiter of 
Cooling Degree-Days replace the 
Heating Degree-Days in the seasonal 
load equation: 



^^re 

q^^ - seasonal oooling load, Bba/ 

season 

q = design oooling load, BtiVhr 
D oooling degree*days 
At - oooling design tatperature 
differCTce, 

A oooling degree^y is theoreti- 
cally a day during utiich the outdoor 
tenperature is 1*F above tiie indoor 
tenperature of 65*F* Oooling degree- 
day values are available from the 
National Climate Center, Asheville, 
North Carolina* 

The Byivalent Full-Ipad Hpurs 
Method is based xjpon estiioates of Ikhe 
full-load hours of operation of 
properly sized oooling equipment 
during nomal oooling seasons* Hie 
estimates are based \xpon local obser- 
vations and are sunmarized in Table 
XX* 'Stie seasonal oooling load is 
estimated by nultiplying the esti*- 
mated full-load hours of operation 
{tsxm Hahle XX) times the cooling 
capacity of the air oonditioning 
systen (Design oooling load)* 

Seasonal Oooling Estimated full- 
Load (Btu) - Load Hours x 
Design Cooling 
Load (BtiVlir) 

Note that the range of full-load 
hours is fairly wide for many locali- 
ties* Hie values in the table are 
inf lu^iced greatly by the habits and 
preferences of the building occu- 
pants* Indoor tenperatxire settings, 
use of attic fans, tjse of air condi- 
tioning only during the hottest days 
and opening windows at nic^t all 
have a significant effect upon the 
sea:»^jnal energy usage for air condi- 
tioning. The values in JSable XX are 
based upon an indo(^ tenperature of 
75**?* Utility ccnpai^ surveys 
indicate that residential buildings 
will fall near the lower end of the 
range. 
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EXflfglE NO. 10: SEflSOJaL ODOLING 



12. OCMPARISON OF SEftSOURL ENERGy 
USED FOR OOQEJNG 



Estimate the oooling load far 
the residence in Exanple \k>* 2: 
Cooling Uad Calcxilatian* 

1* Evaluate tiie design cooling 
load . 

Design cooling 9,955 BtiVhr 

load = (Ex. PrdblCTi No. 2) 



2. 



' Estiitiate of Bquivalent Pall- 
Load Hours for Building/ 



Location: 

a. E^ladelphia, PA is close 
to N&w York, wy, thus, 
equivalent full-load hours 
= 500 to 1000 hours* 
Use 500 hours for residences* 

c* Then Seasonal Cooling Load 
= 500 X 9,955 = 4,980,000 
Btu* 

3. Oonyert Seasonal Pooling Uad 
to kwh * 

)wh = 4,980,000 Btu - , , ^ 
season 3413 Btn/toft 



As vdtii seasonal heating loads* 
it is often desirable to estiinate 
the energy savings realized by use of 
various ener^ ccxiservation practices. 
Cooling load conparisqps can be irade 
in a nanner identical to that for 
heating loads* ITo illustrate for 
the uninsulated, a non^if^eatherstripped 
house described is the exartple in the 
section, "Oonparing Ei[iergy*Saving 
Practices.*'] 

EXMIPIE NO. U: OOMPARISa^ OF COOLEXS 
EMERGy USflGE 

Use same data as in Exanple llo. 1 
(ins;jdated, weatherstrijpped house) and 
Exanqple No. 2 (uninsulated and n:^ 
weatiierstripped house) . 

1* Evaluate and enter new heat 
transndssion coefficients for 
walls and celling-roof . 

2* Calculate and enter new 
co nduction sensible ooolirK; 
load values . 

3. Infiltration values do not 
dian^ for cooling loads iri,t3i 
or without weatherstripping. 
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4* Occupancy val\j&i> up lot change * 

5* Calculate and enter new values 
oF total sensible cooling load * 

6* Calculate and aiter new values 
^ total pooling load tar eacdi 
rootd * 

7* Calculate and enter new values 
of total opoilnq lead for 
building * 

The details of steps 1 througJi 7 
are svitmarlzed on ^torksheet 4« Vlke 
required changes are handwritten on 
the worksheet for the cooling load 
calculation for the insulated house* 
The result of steps 1 through 7 is 
that the total* or design, cooling 
load increases from 9,955 to 22,860 
Btu/hr when insulation is renioved* 

This is an increase of 

2i.860 - 9,955 

9,955 X 100 130%! 




UninstJdated hoase 
22,860 X 500 
3313 



3350 hflh 



Insulatea house 

(prior examle) - 1460 fewh 



Difference 



= 1890 towii 



ihus, the uninsulated house will 
use apprxodinately 1890 kwh vxyrB 
eanergy per oooling season than the 
insulated liouse^ If electrical 
energy costs 4 1/2* per Jcwh, the 
dollar savings per year wlUi insula- 
tion equals 0*045 x 1890, or $85 per 
season* 








4. oocehb lcm) BnvMnoH 



OWCTll HMt TtWl— Ion 

bcterior lUUH^Wr 

QiiUngHtooC 
Floocs Bfei^hr^ 



wlon Cptff Icia 
^ Bty/hr-ft*- 



Icimts (U) 



58 Bttt/hr-ft2-«F 

Ooon 0 .|gTtai/hr*tt*-*P 



Uttide 
OutsiA 
Maan Daily 



75*F 
21^ 



Building 



Ttan«issian 
Cbefficiwt 

(U) Araa 



BID 



Oonductioi 

Seroible Xnfil' 

QooUng Load traticn Vtall 

(Btu/hr) Factor Area 



]2iflltr&tian Ooo^iency Dotal Ibtal 

Sensible Oooiing senaiUe Cooling 

Oooling Load Load Oooling Load Und 

(Btn/hr) (StiVhr) (Btii/hr) (Uba/hc) 



Dct. wlU 
Oeilin?-roof 
Floor 
Slab 



<N) 

( ) 
( ) 



Window 
TCTM. 



O^.X*^ 330 
0JMOra7i 225 



0.49 
0.58 
0.58 



225 
0 
15 
15 



18.6 
31.0 

0 

18.6 
17.0 
56.0 



0 
0 

148 
487 



HIT 



1.1 



360 



396 



1650 



J457 



Dct. «aii« 
OBilin^-ioof 
Floor 
Sljb 
2 Door* 
HijKkxf ( ) 
Hiiidbw ( ) 
Hii^ ( ) 
Window ( ) 
TOTAL 



0.048.47^ 300 31.0 



0.49 



225 0 
20 18. 6 



^2 <fa4« 

0 

182 



1.1 



280 



1254* 



Dct. walls 
0ilifi9-n30f 
Floor 
Slab 
3 Doors 
ttindoi^ (H) 
«L«*?<# (E) 
Window ( > 
Window ( ) 
TOTAL 
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0.048 t^S 



0.49 
0.58 
0.58 



"«5r 

500 

225 
20 
30 
15 



31.0 
0 

18.6 
17.0 
56. 0 



0 

18: 

. '5 
48/ 



l.l 



560 



616 



2947 



^31 



TOTAL OOOUHS LOAD 



^ + M30 +4831 --9,»S5 Btin^t ^O-y -'A-'^ ^ *J * rt. ^«V^«.. 
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F. Determining Cost Benefits of Using Energy-Saving Practices 



The bottan line of any energy 
oanserving practice is tJ^ relative 
benefit to cost ratio or the tine 
required to reco^? the investrafit. 
In other words, the planner or home- 
owner needs to evaluate vAiether the 
energy savings (in dollars) is 
enough to offset the additional cost 
of additional i Tsulation . In 
addition, you tr^y not wisli to 
sacrifice ocmfart, looks and life- 
style for sane practices. 

A beref it/cost analysis allows 
us to nBke a direct ccnparison 
between the present value of the 
esnexg;/ savings (in dollars) over the 
expected life of the ^lergy-saviiig 
practice to the first cost and 
naintenance of the energy-saving 
practice . If the beneflt/oost ratio 
exceeds one, the energy^saving 
practice is eccnctnically feasible, 
ubereas if the ratio is less than 
one, the practice will not pay for 
itself. 

Uie benefit/cost ratio is 
evaluated by the formula: 

Benefit/Odst Present Value of Net 

Ratio Annual Savings 

First cost of the Bf^ergy- 
Saving Practice and 
Maintenance (if any) 

The present value of the net 
annual savings is calculated by: 

Present Net Annual Savings 
Value ^ X 

Present Wbirth Factor 

FroRi your study of this section, 
you will be able to calculate cost 
benefits and payback periods for 
aiergy* saving practices. 

PdIIcw procedures under the 
follodng headings: , 



1. Calculating the Benefit/Oost 
Ratio. 

2. Hov Expected Life Affects the 
Benefit/ODSt Ratio. 

3. Hov Increase in Fuel Prices 
Affects the Benefit/Cost Ratio. 

4. Hov Interest Kates Affect the 
Benefit/Oost Ratio. 

5. Calculating the Paybadc P^iod. 

1. CKLPmATlMG TOE BEMEFn/OOST RfiTIO 

lb illustrate the calculation of 
the benefit/cost ratio, consider the 
house in e}Ga[T|)le No. 1 and evaluate 
the benefit/cost ratio for installing 
insulation and weatherstripping for 
the Riiladelphia, PA location. 

EXftMPIC m. 12: BENEFIT/GOgr RftTIO 

Find the benefit/cost ratio of 
installing insulation (3 1/2 inches 
in walls and 5 1/2 inches in the 
ceiling areas) in the hate described 
in exanple No. 1. 

Asstne that the expected life of 
the insulation and ueatherstripping 
is 25 years, the expected rate of 
increase in energy cost is 10%, the 
discount rate is 10%, the cost of 
mate r ials and installation of 3 1/2 
inches of fib^lass in the sidewalls 
of new constructions is 19 1/2 ooits 
per square foot, the cost of materials 
and installation of 5 1/2 inches of 
f ib^lass insulation in the ceiling 
is 27 1/2 oeacits per square foot and 
vteatherstripping costs 90 cents per 
linear foot (installed) . Perimeter 
insulation costs 60 cents per square 
foot. Also assume the hone is heated 
with fuel oil witii a present oost of 
45 cents per gallm and electrically 
air conditioned witii a present cost of 
4 1/2 cents per kwh. 

Gallons of fuel saved per year, 
800 gallons (heating problem No. 6) . 

Electricity saved per year, 
1890 }cv*i (cooling problem No. 12) . 

4S 

Pi 



1. Evaluate the net annual savings 
realized by jmsulation and 
weatfaerstrippijig . 

Present wcnrth factors are 
dependent upon the interest 
rate, the rate of increase in 
fuel prices, and the expected 
life of the energy-saving 
practice. Present worth factors 
are tabulated for a discount 
rate of 10%, several price 
Increase rates and expected 
lives in Table m. »atiply 
this value times the net annual 
savings (NAS) as found in step 
1 to get the present worth. 
Timt find benefit/cost ratio by 
dividing the present worth by 
the first cost and maintenance 
costs (if any) . See steps 3 
and 4. 

(1) Find the net annual savings 
(NflS) during the first year . 

NAS - (Gallons of Fuel Oil 
Saved) x (Fuel Oil 
Price) + (kwh 
Electricity Saved) x 
(Electricity Price) 

= 800 X 0.45 + 1890 x 
0.045 

^ 360.00 + 85.05 



(2) 



deposited in a savings 
account %^Gh earns 10% 
interest per yeatf it vfould 
be worth $4,821.99 after 25 
years) . 

Preset (NAS) x Present 
Worth - Wbrth Factor 
of NftS (Table m) . 

^ 445-05 X 25 

^ $11,126.25 



3. Find first cost of insulatioJi 
and weatherstripping . 

Insulation Post 

(1) Eicterior walls - $0.195/ft2 x 
1085 ft2 = $211.58 

(2) Ceiling - $0.275/ft2 x 

1025 ft2 = $281.88 

(3) Perimeter - $0.60/ft2 x 

(150 X 2 ft) = $180.00 

(4) Total insulation cost S673-46 

tfeatherstrippinq 

(1) Linear feet at doors 

20 ft/floor X 2 ^40 ft. 

(2) linear feet at windows 

^ 16 ft/window x 5 =80 ft. 

(3) Total linear feet of 
stripping = 120 ft. 

(4) Cost of weatherstripping 

= 120 ft X 0.90/ft 108.00 



• = $445.05 

Find the present vrorth of 
the net annual savings . 

This calculatioai coqputes 
the value of all tt« net 
annual savings over the 
expected life of the energy 
saving practice taking into 
account the anticipated 
increase in fuel prices and 
the increased value of money 
saved over tiitie (Per 
exaitiple, if the $445.05 were 



First oast of insulaticgi and 
weatherstripping . 

= 673.46 + 108.00 
= $781.46 

4. Benefit/Cost Ratio 

Benefit/ Present value of 
Cost - net savings 
Ratio First cost 

= 11,126-25/781.2 

= 14.24% 



2. HOW EXHami) LIFE AFFECTS BPflaTr/ 
COST RATIO 

The b»ef it;/oost ratio is 
influenced significantly the 
expected life of the eiergy 
oonservaticn practice. Itie effect of 
expected life upon the benefit;/oo6t 
ratio for insulating our ^cairple 
house is illustrated in l^le }QCU. 
It MBS assuned that: 

1. Itie fuel price increases at 10% 
per year in first exarrple and 
at 5% in second exanple. 

2. Itm discount rate is 10% per 
year. 

3. current fuel costs are 450/ 
gal fuel oil and 4.5C/kwh 
electricity. 

4 . First cost of insulaticn and 
veatherstripping i$ $781.46. 

5. Fuel savings: fuel oil, 
800 gal/yr? electricity, 
1890 )cwh/yr. 

Notice that the benefit/cost ratio 
increases witii the ^(pected life. 
HcKoever, the increase is ijot necessar- 
ily linear. Also note that for a 
oonstant discount rate, the benefit;/ 
cost ratio increases as the fuel 
price escalaticn rate increases. 

3. HOW PCREASE IN fUEL PRICES 
AFFECTS THE HBiEFIT/OOOT RKFIO 

TSiB benefit/cost ratio is also 
influenced by the estimated annual 
increase in fuel prices. Ihe 
jx>llcwing exattple denonstrates the 
change in benefit;/oost ratio as the 
annual rate of increase of fuel 
varies from 0 to 10%. It is assvned 
that: 



1. Itie exp&cted life of the energy- 
saving practice is 7 years. 

2. *Ehe interest rate is 10%. 

3. Itie currmt fuel prices and 
first costs are the sane as 
in the prior exanples. 

4. Fuel savings: fuel oil - 
800 gaWr and electricity - 
1890 kwh//r. 

Note that the braef it;/oost ratio 
increases as the annual percent 
increase in fuel cost increases 
(Table mil) . It is estiirated that 
fuel costs will probably increase at 
rates or above 13%. 

4. HOW INitjRtgr RftTES AFFECT THE 
BEMEFIT/OOST RSTIO 

Interest rates also affect the 
b^tefit/oost ratio. Hie influ&x::e . 
of interest rate yjpon the ratio can 
be evaluated witii tables similar to 
Table VXL for various discount rates. 



5. CALCULKTING THE PAmflOC PERIOD 

Other netliods for evaluating the 
econondcal feasibility is the payback 
period and the time to recoup c^tal 
invesbnent. 

The m yt^ period is the first 
cost divii&i by net annual savings; 

Payback = First Post 
Period Net Annual Savings' 

For the previous exanple^ the payback 
period is evaluated as: 

Payback = $78 1.46 - 1.76 years 
Period 445 
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The payback period does not 
consider the rate of increase in fuel 
prioes, does not include the discount 
rate for net annual savings. Ihere- 
fore, it is not as accurate as the 
tijn& to leooig) investment nethod which 
is described as follows: 

Table XXI of Present Vforth Fscrtors 
(FWP) can be used to estimate the time 
to recoup investment . locate the fuel 
price escalation rate (10% in this 
exan^le) oolmn. Move down the 
oolunn until a 1^ greater than the 
pa^)ack period is found (2.000 in 
this exanple). Hius, the time to 
recoup the investment lies between 1 
and 2 years. interpolation the 
tine to recoup the investment is: 

1 yr + 1.76 * 1.000 » 1 + 0.76, or 
2.000 * 1.000 

Time to recoup investment = 1.76 years 

Note that the time to reooip the 
investment is the same as the payback 
period. This occurred in this exanple 



because the discount rate and the fuel 
price escalation rate ware identical. 

If the discount rate w&re 10% and the 
fuel price escalation rate were 5%, 
the time to recoup investment becomes: 

1 yr + 1.76 - 0.9546 = i + 0.88 
1.8657 - 0.9546 

Time to recoup investment = 1.88 years 

Nbte that v^ien the tine value of 
savings and ^Aysan the fuel price 
escalation rate is lower than the 
discount rate, the time to reoa?) 
investment will alwE^ be greater 
than the payback period. 

Also note that the difference 
between the time to recoup investment 
aiKl the payback period is small in 
this prcblem because the payback 
period is small. Xn cases where you 
have a payback period of 3 years or 
more^ the time to recocp investment 
may be 1 . 5 to 2 tiires as long as the 
payback period. 
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imE 1. AProOKDWCB THICraiESS CP IKSaLmCN FOR tHSFMAL RBSIDQICBS, IN. 
(Reference, Cooling and Heating Load Calculaticn Manxial, 
ASHBAE, 1979, 7abl& 7.5, Page 7.21) 





BfttU or BkiAm 


LuomFiU 




KcciflUlKt 




Ro<rlc 


Gl«i 


Rock 






CtHubr 


of ImuliUon 


Flbtr 




Fib«ff 


Wool 


Cdhilovk 


Pot}«retlwM 


<;ttv( 


R-7 


2 1/4 to2 3;4 


2 


3 to 4 


2 to 3 


2 


1 


2 5,8 


R-ll 


3 1/2 to 4 


J 


5 


4 


3 


I 3/4 


4i;4 


R-JJ 


J 5/8 




6 


4 to 5 


4 


2 


5 


R-19 


6to6 i;2 


5 J/4 


3 to 9 


6 to 7 


5 


3 


7 1/4 


R-22 


6 1/2 


6 


10 


7 to 8 


6 * 


3 1/2 


X3/S 


R-30 


9 1 2 to I 2 


9 


13 to U 


10 u> J 1 


8 


4 3 '4 


II 3 H 


R-3S 


J2fo JJ 


10 1/2 


ntois 


13 to 14 


JO to Ji 


6 


J4 j;2 



TKHEf II. Ol/rSIDB CeSIGM TEMPERTmJRES AND HEHTING EGGREE-^iffiYS 
(65*F BASE) FOR DIFFERENT CUMftTIC LOCfiTICNS 
(Adapted fioR Cooling an} Heating Load Calculation Koiualf 
ASHRflE, 1979, Pages 2.3 and 7.16) 



State 

and 
Station 



U'inter Summer 

Desipn Design Dry-lulb and 

Dry^ttlb :>!ean Coincident Vet-^^lb 
99^ 9?3=i 575? 5^ 



Mean Heating 
Daily Degree 
Ranpe Days 



AU3AMA 
Huntsville AP 
Mobile AP 



11 

25 



16 
29 



?5/75 
95/7? 



93/77 



91/ 7^^ 
91/76 



23 
IB 



3»070 
1,560 



ALAS^'A 

Fairbanks 

Kodiak 



AP (S) 



-51 
10 



13 



«2/62 



7V60 
65/56 



75/59 
62/55 



24 
10 



14.279 



ARIZ^M 

Fla^sUff AP - 2 k 84/55 ^2/55 flO/54 3I 7,152 

Phoenix AP (S) 31 3^ 109/71 107/71 IO5/7I 27 1,765 



ARKANSAS 

Fftyetteville /.P ? 12 97/72 94/73 92/73 23 

Littl.e Pock AP (S) 15 20 99/76 96/7? 9*^/77 22 



3,219 



CAUFCrO^IA 

Los Angeles AP (S) 41 43 
San Francisco AP 35 3^ 



83/68 
32/64 



80/68 
77/63 



77/67 
73/62 



15 
20 



2,061 
3,001 



COLORADO 
Denver AP 
Leadville 



-5 1 93/59 91/59 B9/59 28 6,283 
-18 -14 R4/52 '^1/51 78/50 30 



COtJNSCTICUT 
3rid?tport AP 
Waterburjr 



6 9 ^^/73 ^/71 81/70 la 5,617 
4 2 "^^/yj 85/71 82/70 21 



DSLS^'AHE 
Dover AF8 
Wilmington AP 

D.C. 

Andrews AF8 
Wash V&t AP 



11 
10 



10 
14 



15 
14 



14 

17 



92/75 
92/74 



92/75 
93/'5 



90/75 
80/74 



90/74 
91/74 



87/74 
87/73 



87/73 
89/74 



18 
20 



18 
18 



^930 
4,224 



5, 
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TmE U (Continued) 



•nd 

Station 


V^lntar 
Design 

Erv-lulb 


Summer 
Design Dry-Bulb and 
I^ean Coincident Vet-Bulb 


Mean 
Dally 


Heating 
Degree 




99* 


97.^ 




2.5% 


5^6 


Ruige 


Days 




FLORIDA 

Gainesville AP 
!!lAinl A? (S) 
Tsflahassee 


44 


31 
47 


95/77 
91/77 


93/77 
90/77 


92/77 
89/7? 


18 
15 


214 
1,485 


GEORGIA 
Atlanta AP (S) 
Vayeross 
Thomasville 


17 
26 


22 
29 


9»*/74 
96/77 


92/74 
94/77 


90/73 
91/76 


19 

20 


2,961 
1»529 


HAWAII 
Honolulu AP 
Wahiawa 


62 
56 


63 
59 


87/73 
86/73 


86/73 
85/72 


35/72 
84/72 


12 
14 




IDAHO 

3olse AP (S) 
Idaho Palls AP 


3 

-11 


10 
- 6 


96/65 
89/61 


94/64 
87/61 


91/64 
8^/59 


31 
38 


5,809 


lUiKors 

Carbondale 
Chicago, C'Hare AP 


2 

- 8 


7 

- 4 


95/77 
91/74 


93/77 
89/74 


90/76 
86/72 


21 

20 


6,639 


IHDIASA 

Fort Wayne AP 

Indianapolis AP (S) 


- 4 

- 2 


1 

2 


92/73 
92/74 


39/72 
90/74 


87/72 
87/73 


24 
J!2 


6,205 
5,699 


ia:A 

D«8 Yolnes AP 
Watorloe 


-10 
-15 


- 5 
-10 


9V75 
91/76 


91/74 
89/75 


88/73 
86/74 


23 
23 


6,588 
7,320 


Manhattan, 

Fort Slley (S) 
Wichita AP 


- 1 

3 


3 

7 


^/75 
101/72 


95/75 
98/73 


92/74 
96/73 


24 
23 


4,660 


Lexington AP 
Louisville AP 


3 
5 


10 


93/73 
95/74 


91/73 
93/74 


88/72 
90/7k 


22 
23 


^683 
4,660 


LOOISIAKA 
Natchitoches 
!?ew Orleans 


22 

29 


26 

33 


97/77 
93/78 


95/77 

9?M 


93/77 
90/7? 


20 
16 


1,385 



l^le II (Oantinued) 



State 
And 

Station 



■.;inter Summer 
Design Destcti Dry-Tulh and 

Drv»9ul.>> Mean Coincident '7et -'?ulb 

97^5^ ~n 



TT 



^^ean Heatin? 
Daily Degree 
Hange Days 



Caribou AP (S) -IB -I3 

Lewis ton -7 - 2 

XA^lYtAVD 

Saltinore CO I'* 17 

Frederick P. 12 

.J^ASSACKOSETTS 

^ostor AP (S) 6 9 
Sprinsfield, 

•fe stover AF9 - 5 0 

Detroi t 36 
Sault Ste« 

Marie A? (3) -12 - ^ 

nrrjESCTA 

Intn-l Falls AP -29 -25 
vii?Tteapoli s, 

St. Paul AP -16 -1? 

MSSISSIPPI 
Bilori. 

ffsesler AF3 2*J 3I 

Tupelo lU 19 

Kansas City AP 2 6 

St. Louis AP 26 

?.'Ct:TA^^A 

^ozetcar -20 -I'* 

Mssoula AP -13 - 6 

Uncoln CO (S) - 5 - 2 

Onaha A? - P, - 3 

^iJ^/ADA 

Las Veeas A?(S) 25 2<1 

?eno AP (3) 5 10 



ai/67 7?»/66 
fi8/70 35/70 82/6f» 



92/77 89/76 87/75 
9(^/76 91/75 «ft/7'* 



91/73 «^'/71 B5/70 

90/72 87/71 8*^/69 

93/73 3P/72 86/71 

BU/70 81/69 77/66 

=!5/6a «3/6J* *30/66 

92/75 *^9/73 86/71 



9U/79 
96/77 



99/75 
97/75 



90/61 
92/6? 



99/75 
9ii/76 



10*1/66 
95/61 



92/79 
9*^/77 



96/7^* 
9*^/75 



87/60 
88/61 



95/7^^ 
91/75 



90/78 
92/76 



93/7t^ 
91/7^ 



^/59 
85/60 



92/7t^ 
88/7^* 



106/65 loU/65 
92/60 90/59 



21 

22 



17 

22 



16 
19 

20 
23 

26 
22 



16 
22 



20 
21 



32 
36 



2k 
22 



30 
k5 



9,767 

5,63!t 

6,232 
9,Glifi 

8,382 

2,0W 



if, 900 



8,125 



5,861^ 
6,612 



2,709 
6,332 



# 



lERiC 



C2 



Table tt (Continued) 



St»t«» Winter Summer 

and Design Lesign Dry-%ilb and Xean Heating 

Station Dry-^b Kean Coincident VJet-%ilb Daily Degree 

99? 9775? ~K 5^ Range Days 




KEW HAMPSHIRE 

Keene -12 - 7 90/72 
Portsnouth, 

Pease AF3 - 2 2 90/73 

mi KSKtco 

Albuquerque A?(S) 12 16 96/61 

Raton A? - U 1 9I/60 

\fV'l YORK 

SYC-Xennedy AP 12 15 90/73 

Ttiea -12 - 6 m/73 

»'ORT'? CAROUKA 

Asheville A? 10 lU fi9/73 
Raleigh/ 

Durham AP (S) 16 20 9^^/75 
SORT*-! DAKOTA 
C'-HO 

Cincinnati CO 16 92/73 

Cleveland AP (S) 1 5 91/73 

OKLAHOtA 

Uwton A? 12 16 lOl/TH 
Oklahoma City 

AP (S) 9 13 100/7U 

Pendleton AP - 2 5 97/65 

Portl«T!d AP 17 23 ^^9/68 

pe?:nsylvaj'ia 

PWladelphia AP 10 lU 93/75 

Pittsburgh AP 15 ^9/72 

RHODE ISLAND 

Newport (S) 5 9 8fl/73 

Providence AP 5 9 *^9/73 



fi7/70 83/69 
85/71 83/70 



9^^/61 9?/6l 
89/60 87/60 



87/72 81^/71 
85/71 82/70 



87/72 85/71 
92/75 90/75 



90/72 88/72 
88/72 86/71 



99/7U 96/7U 
97/7U 95/73 



2U 

22 



85/67 



90/7U 
86/71 



85/72 
86/72 



90/62 
8I/65 



87/72 
8ii/70 



82/70 
83/70 



27 



16 
22 



21 
20 



21 

22 



2U 
23 



29 
23 



21 

22 



16 
19 



7i383 



^.500 



6,228 



5.219 

3.393 
9.000 



U.Ulo 
6.351 



3.725 



5.127 
^.635 



5.1W^ 
5.987 



5.95^ 




ERIC 
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lable H (Continued) 



State : 'Inter Summer 

and Deslrm Design Dry-*'iulb^nfi Mean Heating 

Station Dry-^^ulb .Mean Coincident Uet-3iilb Dally Degree 

99* 97* 5^^ 273^ W Range Bays 



Greenville AP 
St)artanbur<j AP 


13 
IB 


22 
22 


93/7^^ 
93/7** 


9ll7^ 
9ll7h 


89/7^^ 


21 
20 


2»980 


SOTTH DAKOTA 

^rookinrs 

RaplH City AP (S) 


-17 
-11 


-13 
- 7 


95/73 
95/66 


92/72 
92/65 


39/71 
89/65 


25 
28 


7»^^^5 


MenDf)ia AP 


13 
13 


19 
18 


9^^/7^^ 
98/77 


92/73 
95/76 


90/73 
93/76 


21 
21 


3»^ 

3»232 


T^AS 

Amarillo AP 
Dallas A? 
'iouston CO 


6 
13 
2S 


11 
22 
33 


93/67 
102/75 
97/77 


95/67 
100/75 
95/77 


93/67 
97/75 
93/77 


26 
20 
IB 


3»985 
2»363 
1»278 


I'TAH 
Locran 

Salt Lake Citv 
AP Cs) 


- 3 

3 


2 


93/62 
97/62 


91/61 
96/62 


83/60 
92/61 


33 
32 


6»052 


^arr© 

Turlinffton AP (S) 


-16 
-12 


-11 
- 7 


B1+/71 
«8/72 


81/69 
85/70 


73/68 
32/69 


23 
23 


8»269 


VISGiriA 
t:orfolk AP 
Roanoke AP 


20 
12 


22 
16 


93/77 
93/72 


91/76 
91/72 


89/76 
8R/71 


18 
23 


3*^^21 


VASHIVQTOK 
Seattle- Tacona 
.'i' CS) 
^polcane AP \S) 


21 
- t 


26 
2 


93/6^ 


90/63 


76/62 

37/62 


22 
28 


5*1^^5 
6,655 


•'.-SST VIFtGIKIA 
yorsantown AP 
V/heelinF 


1 


B 
5 


89/72 


87/73 
36/71 


85/73 
8^^/70 


22 
21 




vi3CQi;sir 
Ashland 
Milwaukee AP 


-21 


-21 
- 


35/70 
90/7U' 


82/68 
37/73 


79/66 


23 
21 


7»635 


■ fycvr.'c:- 

Cheyenne AP 
Uramie A? (S) 


- 9 


- 1 

- 6 


39/53 
BU/56 


86/58 
31/56 


m/57 
79/55 


30 
28 


7»38l 




TAB[£ III. OONDOCriVITy OF SOME 
BUHDING MAXERIAIS 
(Adapted front Cooling and Heating load 
Calculati,an Manual, ASHRAE, 1979, 
Page 3.4) 



Ocsnductivity 
(k) 



Hardboard, Medium Density .73 

Particl^xaacd, Medium Density .94 

Polystyroie, Smooth Skin .20 

Glass Fiber, Organic Boatided .25 

Vfccd, Nfedium Density 1.49 



TABiLE IV. OONDUCEANCE OF SCME 
BUrUMNG MATERIALS 
(Adapted f ran Cooling and Heating Load 
Calculation Manual, AOTRAE, 1979, 
Page 3.4) 



Thickness Conductance 



(in) (C) 



Plywood .5 1.60 
Carpet and 

Fiberous Pad - .48 

Mineral Fiber 3.5 .053 
Concrete Block, 

Sand and Gravel 8 .90 

Asphalt Shingle 2.27 



HPSLE V. OCEEFICXENTS OF HERT TRMBEER (U) OHKXXM FRftME WHS* 
* {B&fet&ns&f Ocxiling and Hearting Load Calculation Iifeinualf 
ASHRfiE, 1979, Table 3.2A, Page 3,8) 




1)3 4 



Replace Air Spuce^itS 3.5-1 (t. 1 Blut^kct tn>uUlion {Sty* Utin 41 





Hetwctt) 


Al 


(n filing 


Al 


Bflneril 
hVAiniiiv 


1 OuUidc^u('fac«<t5 mph ^^md) 


0 17 


0.17 


0,17 


0,17 






2. Sidmg, wowl, O.S jn ^8 in. lapped <av«ras«> 

3, Sheathing* 0.5-1 n, asphalt inprcgnat<?d 


0.81 
IJ2 


081 
IJ2 


O.RI 
1,32 


0 81 
l,3i 


0 47 
0?3 


04'* 

o:^ 


4, Nonr^fl^ivtf airspace, 3.5 in. (50 Fm«an; 10d«gF 
tcmptfratur«diiftT«nc';) 


I.OI 




n.oo 








Nominal ^tn.M4,iA, wood stud 




4J8 




4JS 






6. G>psam vbairboard, 0.5 in. 


0,45 


0.45 


0.45 


0.45 


0.54 


054 


7. Inside surface (still air) 


OM 


0.68 


0,63 


0.68 






ToratThermatReststartctfR} 




«,=7.81 


«,»14.43 


/f,=7,fll 


1 24 


1 32 



1 2 
}\^ut C'apacily 



ComtrxiCTionNo. I: » 1/4.44-0.225; U,*l/7,81 -0.I2S. With 20^o framing (lypical of 2'in. ^ 4-in. studs & 16'jn. o.c), U^^ 
(0 225) + 0.2(0.128* =• 0.206(SceEci9* 

Construction No. 2: t/| * 1/14,43 = 0.069* U, =° 0.128. With ffamingunchanged. C/j^ " 0 8(0.069) + 0.2(0.128) = O.OSI 



■ 0.8 




TABEJB VI. AIR EXCHANdS IN RESIDENCES FOR TYPICRL DESIGN OCMJITICNS* 
(Adapted from Tables 7.11A and 7.1lBj Cooling and Heating Load 
Calculation Manual, ASHRAE, 1979, Page 7,23) 



Type Rcxm Changes/Hour 



Boon w/o windcws or exterior doors 0,5 

Roans witii windcws or exterior doors en one side 1,0 

Rooms vdtti windows or exterior doors on two sides 1,5 

Rdors witii windcws or exterior doors on three sides 2,0 

ESitranoe halls 2,0 

*Use 2/3 of tabulated values for weatiierstripped windows or storm sashes. 



TABLE VII, RBOC»MENDED VINTILATICN AIR VOUME FOR 

SING[£ FAMTLV RESIDENCES 
(Mapted fron Cooling and Heating Load Calculaticai 
Manual, ASHRAE, 1977, Page 5,12) 



Roan 



Ventilation Air Per Oocupdpt 
Miniinum Feocnmendid 
(cu ft/ndn) (cu ft/mn) 




General living areas; 

bedrocm, utili^ areas 5,0 
Kitchens, bathroans 20,0 



7,0-10,0 
30,0-50,0 



TABLE VIII, SOL--AIR THVIPERATORES FOR JUL^ 21 AT <0**N LKTITUDE 
(Adapted from E\jndamentals Handboook, 1977> ASHRAE, Page 25.5) 



Time 


Air 
Tenp. 




Lic^t Surfaces 






Oaric Surfaces 




H 


E 


S 


W 


HOR 




E 


S 


W 


HOR 


4 


74 


74 


74 


74 


74 


67 


74 


74 


74 


74 


67 


8 


77 


82 


114 


83 


81 


96 


87 


151 


89 


96 


122 


12 


90 


96 


97 


112 


97 


127 


103 


104 


134 


104 


172 


16 


94 


99 


98 


100 


131 


113 


104 


103 


106 


168 


139 


20 


85 


85 


85 


85 


85 


78 


85 


85 


85 


85 


85 


24 


77 


77 


77 


77 


77 


70 


77 


77 


77 


77 


70 


Avg. 


83 


86 


91 


89 


91 


91 


89 


100 


85 


100 


107 




er|c 




TRBIE IX. OOEFPiaENTS OF HEAT IKHSSPER (0) TOBOOGH PITCHED BOCFS^ 
(Reference^ Oxding and Heatiiig Load Calculatioi Manual/ 
ASHRAE, 1979, Page 3.11) 



CocriH:tcn(\ ate e\prc^w4 in Btu pe/<hour) (square fooi) (<kfrcc Fahnnbcii diffmncc icmpcr;iiure h^iuvcn the ^" »n 
the iwo itdtfi). and jre batrC on an ouiit<te uind wlocuy gf IS mph f«f heat heat n<** upujrd aimI 7 5 mph fof heal 
Oo* Oownv^:ar<i The Heal C^paeiiy Untlt a« Btu fi* * F. 





Find (/^^ For ^me CottsteueiJon 2 with Hettt Flow Down (Snmrner Condition) 


1 2 
t1e»t C»pueji> 


Ml 

1 2 3 4 5 6 7 8 




1 RAi^tinceiK) I 


Con«triu:1ion t 

{Hm Ftow Vp) (Refketive Air Spacf) 


Between At 
_ Rafters Raflert 


Oeiwicen At 
Rsftert. R«Flert 


Belwetii 


J.ln«ide^urrdC«(£tit1air} 
1. Gyp$um in., foit backed 
3. Nominal 2^tn. x 4*in. ceiltr^geafter 
4. 45 dcg slope reflective aif spact, hS in. (SO Fmean, 
30de| Ftempcraiure difference) 

5. Plywood sheathing.0. 625 in. 

6. FeJt butldini membrane 

7. Aiphalt shingle roofing 

S. Outside surfacc<15 mph wind) 


0.62 0.62 
0.45 0.4S 
4.3g 

2.n ^ 

0.78 0.78 
0.06 0.06 
0.44 0.44 
0.J7 0.17 


0.76 0.76 
0.4S 0.45 
— 4.38 

4.33 - 
0.7^ 0.78 
0.06 0.06 
0.44 0.44 
0.25" 0.25" 


0 54 0.54 

0.51 O.St 
\eji N*eg 
0 n 0.53 






/t,«7.07 P,-7.U 


1 :tK r 3k 



Conslf uCTion No |:t/,^l/4 69** 0.213; « l/6.W«O.I4S. With lO""* framing (typical of i in. f afief s (3^l6-in. o.c), t/.^- 0.9 (0.213) + O.l 
(0 145) - 0.206 

ComiructiOnNo.2 U,=1/7.07 " 0.141: - 1/7.12 * 0.140. Wnh framing unchanged, U^^" 0.9(0.141) O.i (0.140) * 0.141 



Find t/j^ for»meCont1ri>ction2wlth Heat Flow Do wet (Summer Gondii innit) 






3 4 

1le:ii1 C3|iitcit> 








J U&KI;mc« {hY 


4 




ConsliucUon t 

(Heal Flow i;p)(Non*Ref1eeliveAJrSpftC«) 


Between 
Raflers 


At 
Riflert 


Between 
Kafieti 


At 

fUriers 


Between 
Rafters 




1. Insidesufface(sliltaif) 


0.62 


0.62 


0.76 


0.76 






2 Gypsumwallboafd.O.Sin. 


0.45 


0.4S 


0.4S 


0.4S 


OM 0.54 




3. Nominal 2'in. ^ 4'in. ceiting rafler 




4.38 




4.38 






4. 45 deg slope, nonrcflcciiveiiir space. ).5 in. 
(50 F mean: lOdc^ FKinperamre difference) 


0.96 




0.90* 








5. Plyuood sheaihinf .0.625 in. 


0.78 


0.78 


0.78 


0.78 


0.S1 0.5 1 




6. Felt building membrane 

7. Asphah shingle roofing 


0.06 
0.44 


0.06 
0.44 


0.06 
0.44 


0.06 
0.44 


Ncg Nep 
0.?5 0.35 




B Outjidesurfact(J5.tttphw]nd) 


0.J7 


0.J7 


0.2S" 


0.2S" 








. .../t «3.48 


/t,-6.90 


/t,'-3.64 




nn us 



Construction No. 3 U,- 1/3.4S * 0.287: V, « 1/6.90 » 0.I4S. With 10^ framing typical of 2 in. rafters @ 16 in. o.c). 0.9 (0.287)+ 0.1 
(0.145) -0.273 

ComtfwtionNo.4:t/,* 1/3.64 0.i75i « 1/7.U -0.140 With fratningtftwhanged, 0.9 <0275) ^- 0.1(0.140) *= 0.262 

iMth ol foof' 4Sdes 

•Air 4(uw \alwe ;it W j* mean. 10 deg K lemperatufe difference. 
S.mph uind 

Id 

ERIC 



tABE£ X. CGIEFKINhTIQM OF U-WJUE RESULTING FBCXH AEOITZON OF 
INSUIATiai TO Tm TCrtAL OF fNi GrJW WUDWG SBCnOM 

(Adapted fxcm Ooolin? and Heating load Calculaticm Manual* 
ASHRAE, 1979, Table A3.1, Page A3.4) 



THOI'I-.KTV 
C R 


1 


2 


3 


4 


ADDITIONAL INFORMAL INSLLATION. A ^ 
5 « 7 9 N 13 


15 )7 


19 


30 




0 OS 




00?4 


OOfrV 


0{»65 


0061 


0057 


0(1^4 


0 051 


0.047 


0 043 


0 039 


0 016 


OOU 


00^2 


0<».'4 


oa^o 


0 10 


roo 


00^1 


0 0«3 


0(177 


0071 


0W>7 


006.^ 


0 0^9 


0 053 


0 04M 


OfM3 




00)7 


0 014 


0 025 


0 02J 


0 i: 


S3 


0 107 


0 0v7 


OUiH 


OOMI 


0075 


0070 


0 065 


ooSh 


0.053 


0 047 


004) 


0 039 


OO'i? 


(f o2^ 


00:2 


0.14 


TJ 


0123 


0J09 


0009 


0090 


00«2 


0 076 


0 071 


0062 


0055 


0 0^0 


0 04^ 


0 041 


00.W 




00:2 


0.16 


61 


t\ 1 'Xii 
U'l Jo 


^1 1 ^ 1 

U, 1*1 




t\ Auk 


0.0h9 


0.0K2 


0 075 


0.066 


005^1 


0052 


0 047 


0 043 








oj:s 


56 


0 153 


0 132 


0 tl7 


0J05 


0 095 


OOST 


0 080 


0069 


0.O6O 


0.OS4 


0O49 


0.044 


0 041 


oo:^ 


0 023 


0 y\ 


5 0 


*>I67 


0.14J 


0J25 


0 III 


0.100 


0.091 


0 0«3 


0 071 


0063 


0.056 


0 050 


0.045 


0(M2 


o:>29 


0 023 


0 22 


4.5 


0 ISO 


0 153 


0J33 


0.117 


0 105 


0,095 


0.0*7 


0 074 


0064 


0.057 


0.O5I 


0 046 


0 042 


0029 


0 024 


0 24 


42 


0J94 


0 161 


0.140 


0 (22 


0 109 


0 09X 


0.090 


0 076 


0O66 


0,01H 


0.0^2 


0047 


0(M) 


0 0?9 


0.024 


0 2f* 


3.U 


0 2O6 


0 171 


0 I4(. 


0.127 


0113 


0 102 


0.092 


0 07»t 


0O67 


0.OS9 


0 053 


004rt 


0lU4 


0 030 


0.0:4 


0 2R 




0210 




0.152 


0 1^2 


0.117 


0 104 


0,095 


OOKO 


ao69 


0X»6O 


0 054 


0fH9 


0044 


003o 


0024 


0 30 


u 




0 m 


0 I^H 


o.n6 


0.I2O 


0107 


0 097 


o,osr 


0070 


0.061 


0.OS1 


0 049 


0,045 


00^0 


0.O24 


0 40 


25 


0 286 


0 222 


0.132 


<ri54 


0.133 


0.M8 


0.105 


0 01*7 


0074 


0.065 


0 057 


0.051 


0 047 


Oo3l 


0 025 


0 50 


2.« 


0 333 


0.250 


0.200 


0-167 


0.143 


0.125 


0.11 1 


0 091 


0077 


0.067 


0 059 


0 053 


OlUK 


ooJi 


0 02S 


0.(41 


IJ 


0.375 


0.273 


0 214 


0 176 


0.150 


0.130 


0.115 


0094 


0X>79 


006it 


006U 


0OS4 


0.04tt 


0 032 


0O25 




1 4 


04J2 


0 2^*2 


0 226 


0J$4 


0 156 


0.135 


0 tl9 


00% 


OOHO 


0 069 


0()#»l 


OOU 


u xm 


o»n: 


0 C5 



^If the ^^^l^LlTl^>n cfrccupiv'^ a T>rc\mL»*l> con'^idtfrtrt aif '^jKicc. .in .iifjkL^lfntrnt moit he m.ult: m Ihi? p^i?n huiMmi! ^,^d*^In /\-\.i!*<c 



TRBIE XT. HEAT lOSS Cf OOfOETE FUXSS 
AT OR NEAR GROUND I£VEL PER FOOT Cf 
EXPOSED QXX (I£SS OHAN 3 FT EtECiOW GRADE!) 
(Refexence, Cooling and Heating load 
Calculaticn ffeinual, ASHRAE, 1979, 
Table 7.9a, Page 7.22} 



H»a1 1 1>\( ptt VitfA of Kvpcied •■'J(f . 8lo/(tw,fi> 





lt= 5,tf 


« = 2J 


No 






Cdj^e In'iotntion 




to -30 


50 


60 


75 


JO to 20 


43 


55 


65 


Oxo 10 


40 


50 


60 


flOlo 0 


35 


45 


55 


.20 to -10 


30 


40 


50 



^ 1 hi^ c^tKtruUuut not fcc^f>inm(ndrO. shown fof ctifnp.if t^n oitly. 



1AEI££ Xn. OVESMX OCOFIdDnS GT BSKT ntmSHdSSIOl 
(U-RCICR) OF WDDCHS »D SKCLSSSOS, Bb^Osr'ft^'F) 
(Deferenoe, Cboling and Heating Load Calculation ttanualf 
ASBRRE, 1979* Dttxle 3.14Af Fa^e 3.24) 




);4 ia;.«ar«fM<' "'./^ 
tow 



IruttUunf Out, Tfi^te' ^ 



1J(H 
0.56 



0.}t 
0.45 
0.51 

044 

0.» 

0.S0 



OA I 
0.5S 

ass 

0.52 



0J7 
0.44 
0.41 

0.40 
0J6 

0.4B 



IJO 

0.62 
Oil 
0.49 



0J2 

0.39 
OJ] 

0^ 



052 
0.4t 
0^2 



•30 

0J3 
0.» 

031 
0.26 

042 



0J3 

0.57 
054 
0.49 



0.36 
0.42 
0.46 



0.70 
0.65 
0J9 



0.41 
032 
0.3^ 



0.W 
046 



).|5 
0.70 



Table 3J4B A^uftlmtnl Ftctnrt for Varioin WMow and 
Slitfiiic IW T]iic> (MttMffIr lAVvlMs b 





" — *- 






Windows * ; 








.4//Gl«»'' V. 


1.00 


1.00 


1^ 




0.90 


0.95 


0.90 


Wood &Ub; 60% duft * 


oto 


0.S5 


O.SD 


MetttS««h:IO%Gliii\ 


1.00 






Slitlinf Piho Diaen 








Wowi mm* 


0.95 


1.00 




Met«l Frame 


1.00 


1.10* 





*Stt Tibk 3.l4Bfori4ruiimfnts for vimovt window! and 
«Udtoi p*tio doon. 

^Etnillinoc of unoooted fbst surface = 0.S4. 
Doi^ iod iriple tHtt lo number of Ufhn of |(ta«s. 
'O.I25-tft.ib*i. 4 
^0.25-^.^ 

'Coaling 00 eilber tl»« turfice fa^iof iir tpacc: ill olhcr ftisf 
soHaca uncoiled. 

■ Window des^m. 0.}5*tn. gUis^ 0.125-in. tl^u* 0.25-in. fUsi 
^Rcfert lo window* wilh negltfiblc op«Stte ar««> 
Tor heal now up 
'hot beal flow down. 



Bated on area of opening, ni>< loial tuHaee aiea 

'VaitKiwtllbclcit ih3nihciewhenmcUiiaihandfranicincorporatcihema1bieakt^tn*omellwiiulb^ l\atur»willbcf(|uj1 
lo or (cvi than Ihote ftir \ht gUti. Window manuf^cturert should be contuhed for tpedfic data. 
^15 mph outdoor air velocil)^: 0 F ouidoorair: TO F tniide air lemp naloral con^cciion. 

mph otudoor jir vdoeiir. *9 F otudoor 3ir» 75 F mtide air natural convection: *ol«r radiation 24X.3 filuMhr ft^) 
•**Vilu<i jpply to tiihx\y elti^.iJ Venetian and mttcat bftnd>. draperies^ and f olkr thadei. 

Jhcfcc1,■1roc:llofthe.lbowL^fHMtor4ltlhcthctrrulircsiitdnce.JT.fnreaeht)^peof^ri^^^ if lig^llydf awn dnpe*i(bej^)^ elate ue^^eK cloned 
Ven<tutiblmdi.Md()H.tyrint^rollrr>h«de»Meu«edtnurnally.th%»dditioTii^^ttjpproft«^ ft' FWniuJfmmtaiuieUu^ered 

inkit urfv-en^ art uvcd i» clo^ proiitmit^ *o ihe outer fenntratton surface, the aridiliunal R is aprri»tmale)> 0 24 (hr^fi'- Fj'Btu 



60 



TPSOE mi. QCSFIdEKTS CT TRAIOOSSICN 
(0) imcocaj doors, etu per (hr-ft^-P) 





Wlnttr 


















No$l«niil>o#t 


1*ifi. 
1.25 in. 
L5'm. 


i}M 
0.55 
0.49 
0.43 


0.30 
0.2t 
0.27 
0.24 


0.39 
OM 
0.33 
0.29 


0.61 
0.53 
0.47 
0.42 












L75in. 
B* 

a 


0.59 
0.19 
0.47 






0.5B 
0.18 
0.46 



^Viluo for wood ^toon doott for appfOKimaic^ 50^ f^u; for m«u1 
uorm door vttuo tpplv for «fty ptivfm of ftui* 
'A « MtMf^ nb«r<orr<l^f^)). 
^6 * Solid uttthane fowicore «r«th dicrm*! br««k. 
<C * Solid pdyit^mc core wiiAihcroiAl brc«k 



THHIfi XrV. OORRBCraON TPCSCSS FOR HEAT LOSS 
VS. DeGBEE DKYS INXERIH FACTOR C[fi 
(Itaferenoe Bystems Handbook^ ASKRNB/ 
1976, Page 43.8) 



Ouiddor Doisn Ttmpit F 






0 


+ 10 


+20 


Fittor Cio 


a57 


€l64 


0.71 


079 


0.t9 



•TKc muhtptiftft m T^Ut 1 i^hich «rc hith tot mild clifn«te« ftnd low fbt cold 
repent, ttt Ml mttJ9t *> m^l «PP«*r. For e^utv^lvfit buikdmtii» tfio«c in warm 
chfvtatet lvv« « fr^ttr portKNi of Ukit bcMiitf rcquorvmcaU oo day* wh^ 
ANttfftKmpcnturc i» cW to 65 F. and thut the actual be«l lof« h not rvftect«d. 



TASI£ X7. PART LOAD OORRBCTION FACTOR 

(Cp) FOR FUEL-FIKED BQUIPMQir 
(Beference, Bystans HanSbcck, ASHRAE, 
1976, fege 43.8) 



Fcrv«:fit ovef thing 


0 


20 


40 


60 


SO 


F»<lotf CV 


1.36 


1.56 


1.79 


2XH 


2J2 



*Beca^t^ eqwpmcni ptrfoimancc «t cKUcmcly tow |«adt it h^tHly variable* 
it ia ttr<m|ly reconmcAded iKat thr values in Tabic 3 not be citrcpolated 



I 

TieiE XVI. HESIGN BQUmCQir OEQIE'ERKIURB HXFFEBWCES 
(SID) FOR CEIUNQS AND FLOOBS 

(Reference, Ooolijng and Heating Loact Calculation Manual, 
ASHRRE, 1979, Table 7.8, Page 7.22) 







9U 


95 ' 




105 


110 




I 


M 


L 


y\ 


1! 


L 


M 


H 


M 




H 


H 


WALLS AND D00R:> 




























\7M 


13.6 


22 6 


\M 


\X6 


27.6 


2.1.6 


18.6 


2^.6 


216 




116 


2. Mn^onry wnlt^^ ft*m. hlocic or bricic 


10 3 


6J 


I5..1 


IL3 


6..1 


20 :t 


163 


II It 


21.3 


163 


2\ 1 






9.0 


5.0 


140 


100 


5.0 


190 


15,0 


tOi) 


20 0 


150 




25 0 




25 


0 


7.5 


3.5 


0 


13 5 


8.5 


3 5 


13 5 


6.5 


lie 
1 * > 


JK 5 




17.6 


13.6 


22.6 


IS.6 


13 6 


37 6 


2J.6 


IS,6 


28.6 


2.1.6 






CEILINGS AND ROOFS* 


























1, GtiliRKS under naturally vtnted Altk 


























or \ented Hat roof — daric 


38 0 


34.0 


43.0 


39.0 


34 0 


4XJ) 


44,0 


39,0 


490 


44 J) 


i^u 


540 


light 


30.0 


26 0 


35J0 


31.0 


26.0 


40.0 


36.0 


31.0 


4IU 


36.0 


410 


4r»o 


2. Butlt-U|> roof* no ceihr^— dju^lc 


3f(.0 


34.0 


43.0 


39,0 


340 


4K.0 


44,0 


39,0 


49.0 


44.0 


490 


540 




30.0 


260 


35 0 


31.0 


26.0 


40,0 


3<ii» 


31,0 


4IJ0 


36.0 


410 


46.IP 


3. Ceilings under uiKOnditiOn«d room^ 


9J) 


5,0 


14 J) 


to.o 


5.0 


I9J0 


15.0 


10.0 


20.0 


15.0 


2110 


250 


FLOORS 


























1 ; Over uitconditiocKd rooms 


9,0 


5.0 


14 J) 


10.0 


5.0 


19.0 


15.0 


10,0 


20i) 


15.0 


2110 


2S.0 


2. Over bas^mcitt, «twlos«4 trawl space 


























or coiKr«t« itab on grounJ 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


3, Over open crawl s^acc 


9.0 


5.0 


14.0 


lOi) 


5i) 


I9J0 


15,0 


10,0 


20.0 


I5J0 


20jO 


25.0 



"Daily Temperature R»nig« 

L<Li>u> Catcutatbn Value, 12 deg P. M (Medium) CaTcubtion Vatuc: 20 deg F, H (High) Calcutalion V»lhe:30dc« F, 
Applicable Range. Le^ thnn 15 de$ P. Applicable Range, 15 to 25 deg F„ Applicable Ran^: More than 25 deg F. 

^Ceiling and Roofi. For rooh in 5hade' IS*hr average = 1 1 deg temperature differtntial. At 90dcg P design nnd medium tiaWy range* 

e<)UtVATent temperature <i*fferentjal for light-colored roof equati 1! -f (0,7I)(39 - II) -31 deg F. 





TABLE mi . DESICW COOUNG LORD FACTORS IHROUOI GLASS (EID) 
(Reference, Ctooling and Heatijig Load Calculatiai Manual, 
ASHRAE, 1979, Table 7.6, Page 7.21) 



Outdoor 
Dcsiiftt Temp 




R«£utur Double C\^,i {ll«At \bs<»rbin£ 1>tiuh1« (.tass 


Gear Triple Class 


SS 90 95 100 105 110 


S5 90 95 100 105 110 | (5 90 95 100 105 UO 


85 90 95 



No Awmnt« or Shtdinf 



Nonh 


23 


27 


31 


35 


39 


44 


19 


21 


24 


26 


28 


30 


12 


14 


17 


19 


21 


23 


17 


\9 


20 


NEtndNW 


56 


60 


64 


6$ 


72 


77 


46 


48 


51 


53 


55 


57 


2) 


29 


32 


34 


36 


38 


42 


43 


44 


Evt and West 


SI 


S5 


89 


93 


97 


102 


68 


70 


73 


75 


77 


79 


42 


44 


47 


49 


51 


53 


62 


63 


64 


SCtmt SW 


70 


74 


78 


82 


S6 


91 


59 


61 


64 


66 


6S 


70 




37 


40 


42 


44 


46 


53 


55 


56 


Sotitli 


40 


44 


48 


52 


56 


61 


33 


35 


38 


40 


42 


44 


19 


21 


24 


26 


28 


30 


30 


31 


33 


Hoftz. SkyUfbt 


ttiO 


164 


168 


172 


176 


181 


139 


I4l 


144 


146 


148 


150 


S9 


91 


94 


96 


9$ 


100 


126 


\27 


129 



DrtperiM or V«n«t)tn Blinds 



Nonb 

NE tnd NW 
Ea$t and West 
SE tad SW 

South 


15 19 23 27 31 36 
32 36 40 44 48 53 
48 52 56 60 64 69 
40 44 48 52 56 61 
23 r 31 35 39 44 


12 14 17 19 21 23 
27 29 32 34 36 38 
42 44 47 49 51 53 
35 37 40 42 44 46 
20 22 25 27 29 31 


9 11 14 16 18 20 
20 22 25 27 29 31 
30 32 35 37 39 41 
24 26 29 31 33 35 
15 17 20 22 24 26 


n \2 14 

24 26 27 
38 39 41 
32 33 34 
18 19 2] 


Roller Shidcs Hitf-Drtwn 


Nonb 

NE tnd NW 
East and West 
SEaod SW 
South 


18 22 26 30 34 39 
40 44 48 52 56 61 
61 65 69 73 77 82 
52 56 60 64 68 73 
2^ 33 37 41 45 50 


15 17 20 22 24 26 
38 40 43 45 47 49 
54 56 59 61 63 65 
46 48 51 53 55 57 
27 29 32 34 36 38 


10 12 15 17 19 2t 
24 26 29 31 33 35 
35 37 40 42 44 46 
30 32 35 37 39 4l 
18 20 23 25 27 29 


13 14 15 
34 35 35 
49 49 50 
41 42 43 

25 26 26 


Awnings 


Nonh 

NCandNW 
East and West 
SE and SW 
South 


20 24 28 3: 36 41 

21 25 2 9 35 37 42 

22 26 30 34 38 43 
21 25 29 3 3 37 42 
21 24 28 32 36 41 


13 15 IS 20 22 24 

14 16 J9 21 23 25 
14 16 19 21 23 25 
14 16 J9 21 23 25 
13 15 18 20 22 24 


10 \2 15 n 19 21 
H 13 16 18 20 22 
12 14 17 19 21 23 
H 13 16 18 20 22 
]) [3 16 18 20 22 


11 12 13 

12 13 14 

i: 13 14 

13 13 H 
It 12 13 
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TAB[£ XVIII. SHADE LIMB FACTORS 
FOR WXND0N5 
(!te£erenc3e. Cooling and Heating load 
Calculation Manual, Table 7.7, Page 7.20) 















Window 
















Ftce« 






35 


40 


45 


SO 


55 


E/W 


OS 




OS 


0.8 


0.8 


0.8 


0.8 


SE/SW 




1.6 


1.4 




1.1 


1.0 






m 


5.4 


3^ 


2.6 


2.0 


1.7 


1.4 



Nolc: Distance shadow line f^Wt below the of the overhaitf 
equaK sha<Ic line factor multiplied by widtii of overhang. Values are 
overu^ for 5 hr of fireote^t tobr tnleitstty on AtJigust 1. 



imf XIX. SEXfSTSLE OOQUNG LOAD DUB 
TO lUSniFBPlSHCtt AM) VQfnXKnON 
(Reterenoe, Fundanentals HanSbockf 
ASHKAE, 1977, Table 38, Page 25.41) 



Dttild Tempemtift, F tJ 90 »5 100 105 tlO 

Infiltfition. Bnih/fl' 

ofgro«sexpo^wallarca 0.7 1. 1 !.5 2.2 2.6 
Mtchftnieal ventilation, 

Btuh/efm 110 ti.y 22.0 27.0 32,0 38.0 



TRBIE XX. EamWEH) BQUTVAIiWr RflTED i'ULL-IiaRD HOURS OF OPERflTION 

FOR ODOUNG EQOIPrtQW' 
(Reference, Birstems Handbocic, 1976, T^Ijb 5, Page 43.9) 



Alboqueniuc; NM 


SOa-2200 


i litdiantpotts, IN 


600-1400 


Atlintk Otr, Nl 


500-800 


i UitbRocLAR 


1400-2400 


BirminiMni* AL 


1200-2200 


MinnttpoUsi, Mft 


400-«00 


Boitofi, MA 


400-1200 




1400-2800 


OuHinftOA, VT 


200-tiOO 


New York, NY 


300^1000 


Charlotfe; NC 


700-1 100 


Newjiriu Nl 


400-900 


Quetio^ 1L 
Oevcbad, OH 


500-1000 


Okkhoma Ctty* OK 


1100-2000 


400^ 


Pjtts^urtth. PA 
lUpkl Oty. 50 


900-1200 


Oncmitatt OH 


1000-1500 


aoo^iooo 


Cotumbia, SC 


1200-1400 


St. Sostph, MO 


1000-1600 


Cdrwi Girist^ TX 
IMlaiTX 


2000-2500 


5t. Peteniburg, FL 


1300-2700 


1200-1600 


S«n D»e«\ CA 
Savannthi GA 


800-1700 


Denver. CO 


400-SOO 


1200-1400 


[>ci Momet* lA 


600*1000 


Seitile. WA 


400-1300 


Detroit. MI 


700-1000 


5yniaise» NY 


200-tOOO 


DtilutK. MN 


yja-500 


Trenton, Nl 


800-1000 


EJPaso^TX 


IGOO-1400 


TuUa.OK 


1500-2200 


Honotitltt. HI 


1500-3500 


Wisbington, DC 


700-1200 



13VH[£ XXI. IKCftIM PRESEUT VAZUE DISOQOir FACIOtS FOR QIEBGar PRICE 
ESOIATICN RHISS FRCN 0% TO 10% (BA^ ON A 10% DISCOUNT RATE) 
(Referenoe, life cycle Costing, WBS, 1978) 



Eneigy Pnce Escalation Rates 



Year 


0% 


1% 


2% 


3% 


4% 


S% 


6% 


7% 


8% 


9% 


10% 


i 


0*9091 


U.9 1 jS2 


0.9273 


0.9364 


0.9455 


0.9546 


0^636 


0.9727 


0.9818 


A ftft/Vl 

0*9909 


1.0000 


2 


L7355 


K76I2 


1.7871 


1.8131 


1.8393 


1.8657 


1 .8921 


1.9188 


15457 


1 .9727 


2.0000 


J 




2.5j53 


2.5844 


2.6340 


2.6844 


2.7354 


2.7869 


2.8391 


2.8921 


fiA C£. 

2.9456 


3.0000 


4 


3.1 69S 




3J237 


3.4027 


3.4834 


3.5656 


3.6492 


3,7344 


3.8213 


3,9097 


4.0000 


5 


3.7907 


3,85*86 


4J0092 


4.1225 


4.2388 


4.3581 


4.4801 


4,6053 


4.7336 


4^650 


5.0000 


6 


4.3552 


4,4y /o 


4.6449 


4<79oo 


4.9531 


C t t A £ 

5.1 146 


5<2808 


C A O A 

5.4524 


5.6294 


5.81 17 


6.0000 


/ 


4,O054 


5.U4i50 


5.2344 


5<4278 


5.6284 


5.8367 


64)524 


6,2765 


6,5089 


0.7495 


7.0000 


o 


5,J44y 


5.5521 


5.7810 


QjUlOO 


Q.2qq9 


6.5260 


6,7959 


7.0780 


7J723 


7.0793 


8,0000 


9 


5.7590 


6.0159 


6.2878 


6,5722 


6.8705 


7.1839 


7^124 


7.8577 


8,2201 


8,6004 


9.0000 


10 


6.1445 


6.4417 


6.7577 


7.0903 


7.4411 


7.S118 


8,2028 


8.6161 


9.0524 


9.5130 


10.0000 


t 1 


6.49j0 


Q.oJZo 


7.1935 


7.5755 


7<9807 


0.41 1 J 


8.8682 


9.3539 


ft A^ft^ 

9.8696 


1 U,4 1/4 


11.0000 


1 


o<8I37 


7.1919 


7.5977 


8.0299 


8.4909 


8<9837 


9.5095 


10.0717 


10.6722 


1 1.3138 


12.0000 


i J 


*1 1 fVSA 

7.1U34 


7.521 0 


7<9725 


8^4553 


8.y733 


9.5JUU 


1UJ274 


10.7698 


11.4601 


1 2.202U 


13.0000 


14 










Q 4'?Q1 


tn n^i 1 






\0 O'X^^ 


1 1. nftlQ 


\A nnnn 


15 


7.6061 


8.1022 


8.6421 


9.2266 


9.8604 


10.5490 


11.2964 


12.1092 


12.9929 


13.9539 


15.0000 


16 


7.8238 


8.3574 


8.9408 


9.5758 


10.2680 


11J0240 


11.8492 


12.7516 


13.7384 


14.8178 


16.0000 


17 


8.0216 


8.5918 


9.2179 


9.9029 


10.6535 


11.4776 


12.3821 


13.3767 


14.4706 


15.6742 


17.0000 


18 


8.2014 


8.8069 


9.4747 


10.2090 


11.0177 


119103 


12.8953 


13.9844 


15.1891 


16.5223 


18.0000 


19 


8.3649 


9.0044 


9.7129 


10.4957 


11.3622 


12.3235 


13.3900 


14.5757 


15.8947 


17.3630 


19.0000 


20 


8.5135 


9.1857 


9.9337 


10.7641 


1 1.6878 


12.7178 


13.8666 


15.1507 


16.5873 


18.1958 


20.0000 


21 


8.6486 


9.3512 


10.1385 


11.0154 


11.9957 


13.0942 


14.3259 


15.7101 


17.2674 


19.0211 


21.0000 


22 


8.7715 


9.5042 


10.3285 


1 1.2509 


12.2870 


13.4537 


14.7688 


16.2546 


179355 


19.8394 


22.0000 


23 


8.8832 


9.6446 


10.5046 


11.4714 


1X5623 


13.7968 


15.1955 


16.7841 


18.5913 


20.6501 


23.0000 


24 


8.9847 


9.7735 


10.6679 


1 1.6777 


12.8225 


14.1241 


15.6065 


17.2989 


19.2349 


21.4531 


24.0000 


25 


9.0770 


9.8919 


10.8193 


11.S710 


13.0686 


14.4367 


16.0026 


17.7998 


19.8670 


22.2490 


25.0000 



TABLE XXII. COMPARESON OF BEMEFIT/COSr RATIOS FOR SEVERAL 
EXPECTED LIVES OF ENERCT CONSERVMION PRACTICES 



(Discount Rate = 10%; Fuel Price Escalation Rate = 10%) 



Expected Net Annual Present Present Benefit/Oost 
life Savir^ Worth Value Ratio 

(yrs) (NAS) $ Factor of NAS % 



1 


$445 


1.0 


$ 445 


0.57 


3 




3.0 


1335 


1.71 


5 




5.0 


2225 


2". 85 


7 




7.0 


3115 


3.99 


10 




10.0 


4450 


5.70 


15 




15.0 


6675 


8.55 


20 




20.0 


8900 


11.40 


25 




25.0 


11125 


14.24 



(Discount Rate = 1G%; Fuel Price Escalaticn Rate = 5%) 



1 


$445 


0.9546 


$ 425 


0.54 


3 




2.7354 


1217 


1.56 


5 




4.3581 


1939 


2.48 


7 




5.8367 


2597 


3.33 


10 




7.8U8 


3476 


4.45 


15 




10.5490 


4694 


6.01 


20 




12.7178 


5659 


7.25 


25 




14.4367 


6424 


S.23 



'EfVBLE mil. COMPARISCN OF BENEETT/OOST RflnOS FOR VM!miG RATES OF 

ESCALflinON IN FUEL COSTS 

(Expected life = 7 years; Disxunt Rate = 10%; First 0:>st - $781; 

NAS (1st year) = $445) 



■flimual Escalation 


Net Annual 


Present 


Present 


Benefit/Cost 


Bate in Fuel 


Savings 


Wbrth 


Value 


Ratio 


Price (%) 


$ 


Factor 


of NAS 


% 


0 


$445 


4.8684 


2,166 


2.77 


2 




5.2344 


2,329 


2.98 


4 




5.6285 


2,505 


3.21 


6 




6.0524 


2,693 


3.45 


8 




6.5089 


2,896 


3.71 


10 




7.0000 


3,115 


3.99 
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